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On the Cover

The cover illustration shows the International Space Station (ISS) in low-Earth orbit with the space shuttle docked to

Node 2 and two Soyuz vehicles docked to the Russian Segment. The Earth's horizon represents that earth-observation

will be one activity performed from the ISS, that the research performed on board the ISS will benefit everyone on Earth,

and that this project is a cooperative venture involving many nations. The international cooperation required for the ISS

project is also indicated by the translations of the document title into the languages of the primary partners. The Moon,
Mars, and stars in the background represent that astronomical observation will also be an activity performed from the

ISS. In addition, they represent the potential for future cooperative projects, including deep space missions and returning

people to the Moon and sending crews to Mars.

A Parable

There is a story about a man who left this Earth and was taken on a tour of the inner realms. He was shown a room where

he saw a large group of hungry people trying to eat dinner, but because the spoons that they were trying to eat with were

longer than their arms, they remained frustrated and hungry.

"This," his guide told him, "is Hell."

"That's terrible!" exclaimed the man.

"Please show me Heaven ["

"Very well" agreed the guide, and on they went.

When they opened Heaven's door, the man was perplexed to see what looked very much like the same

scene: there was a group of people with spoons longer than their arms. As he looked more closely,

however, he saw happy faces and full tummies, for there was one important difference:

the people in Heaven had learned to feed each other.

--From The Dragon Doesn't Live Here Anymore,

by Alan Cohen

Cy_eCTByeT neren_a o qenoBeKe, KOT0pbn_ nomvHyn 9eMno H

IIO.rIy-qFJI B0aM01_KHOCTb 011,MOTpeTb Hm,m MI_pbI. EMy noKaaaYII_I

KOMHaTy, B KOTOp0171 OH y6v_en 6onbmyIo r'pyimy pono_rmIX mo_e_,

III_ITaIOIXI_IXCFI C_=_CTb o6e_[_, H0 IIOCKOJIbKy YIO:/KKII, KOTOpbrM OHM

IIbITaYIHCb eCTb, 6bUIH ]_YII_II-Iee qeM F_X pyKI_, 0I-IH OCTaBa.rII_Cb

r'ono_Hbr_m n paccTpoeH Hbr_.

"_ro," cKagaYI elvfy C0rlpOBO_V_I_alOIOHl_, "H ecwb A_."

"gWO y_KacHo!" B0CmrmKHyn qenOBeK. "Ho_Kany_cTa, n0Ka_K_ MHe Pa_!"

"HpeKpaCH0," cor'nacm-m_ corrpoBo_z,_amm_r_, H o_ noneTenm

Kor'_a OHH OTKpbUIM ]IBepb B Pa_, qenOBeKy rmKaaanocb, q'ro To, qWO

OH yB_,_en, Bt,mn_eno o_em_ nOXO_M Ha npe_I_Tmy_o c_eHy: TaM

6bV'm r'pyrma nm_e_ c n0_KaMla _nmmee qeM ICX pyKm O_naKo,
Kor'_a oH rrp_cMo'rpenc_ no6nm_Ke, OH yBI_en cqac'r_1_B_ie nnRa

lmrmbm _BO'r_K_, _ _-_ 3"ror,o m,_o o_no BaTK_0e ownmme OW

rrpe_'_er'o: nm_ B Par) Ha3nmn_cb KOpMI_Wb _pyr" _pyra.

--_a Knm_ A_aHa KoxeHa "_paKOH a,qecb 6on.me He I_KIIBeT"

{nepeBoR xcnt._ _a_oBet_:oro)

(Translated by Ilya Zhadovetsky)
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b co

(Translated by Kazuo "Ben" Hayashida)

Hier ist die Geschichte von einem Mann der vonder Erde Abschied nahm, under wurde auf eine Tour

des Jenseits gefuehrt. Sein Begleiter brachte ihn zu einem Raum, wo eine grosse Gruppe yon
ausgehungerten Leuten versuchte zu essen. Sie konnten aber nichts in ihren Mund bekommen, denn ihre

Loeffel waren laenger als ihre Arme. Sie blieben hungrig und verzweifelt.

"Dies ist die Hoelle" erklaerte sein Begleiter.

"Das ist schrecklich" fief der Mann.

''Bitte, zeig mir den Himmel!"

"Sicher," sagte der Begleiter, und sie gingen weiter.

Als sie die Himmelstuere oeffneten, war der Mann voellig verwim. Was er sah schien die gleiche Szene

zu sein wie zuvor: Eine Gruppe von Leuten mit Loeffeln laenger als ihre Arme. Bei naeherem Zusehen
saher aber frohe Gesichter und voile Baeuche, denn hier war ein bedeutender Unterschied: Die Leute

im Himmel hatten gelemt sich gegenseitig zu fuettem.

Aus: "Der Drache wohnt hier nicht mehr," von Alan Cohen

(Translated by Wemer Dahm)

iv



On raconte l'histoire d'un homme qui, ayant quitt6 notre Terre, eut la chance de visiter tes royaumes

&ernels. On lui montra une piece oth une multitude de gens affam6s Etaient assembles pour d_ner, mais

parce que leurs cuillers 6taient plus longues que leurs bras, ils demeuraient frustrEs et _ jeun.

"Voici l'Enfer!" expliqua son guide.

"C'est horrible!" s'Ecria l'homme.

"Montrez-moi vite le Paradis !"

"Entendu," acquiesca le guide, et ils s'en furent.

Quand ils ouvrirent les portes du Paradis, l'homme s'Etonna de voir devant lui une sc_ne presque

identique: une foule de gens avec des cuillers plus longues que leurs bras. Mais, apr_s un examen plus

attentif, il vit l'air content des visages et les ventres pleins _tcause d'une difference importante:

les gens du Paradis avaient appris _ se nourrir les uns les autres.

--d'apr_s The Dragon Doesn't Live Here Anymore,

par Alan Cohen

(Translated by Laurent Sibille)

C'6 una storia di un uomo che lascib questa terra e prese parte a un viaggio al l'interno del regno dei

cieli. Gli venne mostrata una stanza dove vide un grup po di persone affamate che si apprestavano a

consumare una cena, ma, poich_ i cucchiai con cui cercavano di mangiare erano pith lunghi delle loro

braccia, essi rimanevano frustrati ed affamati.

"Questo," gli disse la Guida, "_ l'Inferno."

'4E terribile!" esclamo l'uomo.

"Per favore fammi vedere il Paradiso!"

"Molto bene," concordb la Guida e si incamminarono.

Aperta la porta del paradiso, l'uomo fu perplesso nel vedere quella che sembrava la stessa scena:

c'erano un gruppo di persone con i cucchiai pith lunghi delle loro braccia. Tuttavia, guardando pit1 da
vicino, vide faecie felici e pancie piene.

Con una differenza importante:

La gente in Paradiso aveva imparato a imboccarsi l'un con l'altro.

---da "I1 Drago non rive pith qur' di Alan Cohen

(Translated by Franco Pennati (Alenia/ASI))



PREFACE

The International Space Station (ISS) incorporates

elements and features from the planned Space Station

Freedom, under development by anintemational consor-
tium led by the United States (U.S.), and the planned Mir-
2, under developrnen-t by Russia, with modifications to

make them complementary.With this increased coopera-

tion between Russia, the United States, and the other

international partners on the ISS project, understanding

the designs and methods of design of the other partners

is crucial for project success.

Some of the functions of the 1SS are performed by

parallel but separate systems. Environmental Control and

Life Support (ECLS) is one system in which functions are

performed independently on the Russian Segment (RS)

and on the U.S./international segments of the ISS. During

the construction period, the RS has the capability for

waste processing and water purification before the U.S./

international segments and, for that period of time,

supports the entire ISS for those functions. Also during

that period, the Russians provide oxygen and nitrogen

for metabolic consumption and structural leakage.

This report describes, in two volumes, the design and

operation of the ECLS Systems (ECLS) used on the ISS.

Volume I is divided into three chapters. Chapter I is a

general overview of the ISS, describing the configuration,

general requirements, and distribution of systems as

related to the ECLSS. It includes discussion of the design

philosophies of the partners and methods of verification

of equipment. Chapter II describes the U.S. ECLSS and

technologies in greater detail. Chapter HI describes the

ECLSS in the European Attached Pressurized Module

(APM), Japanese Experiment Module (JEM), and Italian

Mini-Pressurized Logistics Module (MPLM). Volume II

describes the Russian ECLSS and technologies in greater
detail. (Volume II distribution is restricted to use within

the contractual agreement between the United States and

Russia.)

This report addresses the following questions relating
to the ISS ECLS systems:

• How does the ISS design, in general, affect the

ECLSS design?

• What requirements are placed on the ECLSS?

• What design philosophies are used in planning

the different ECLS systems?

• What ECLS technologies are used?

• What are the designs of the ECLS systems and

how do they operate?

• How do the ECLSS capabilities change during
the assembly of the ISS?

• How is the ECLSS verified?

• What safety features are included in the ECLSS?

• What are the procedures for responding to a
failure?

• How is the ECLSS maintained?

This report contains information that was available as

of June 1996 with some updates as of September 1997.
Every effort was made to ensure that the information is

accurate; however, not all of the ISS ECLSS details were

finalized at that time. See the Bibliography for references

used in preparing this document.

To receive corrections and updates, or to suggest

changes, please contact the author. Comments regarding
this report are invited and may be sent to the author at

NASA/MSFC/ED62, Marshall Space Flight Center, AL

35812; or via e-mail: Paul.O.Wieland@ msfc.nasa.gov.

vi



TABLE OF CONTENTS

1.0

Chapter h Overview

INTRODUCTION ................................................................................................................................................ 1

1.1 Background ................................................................................................................................................ 1

1.2 ISS Mission Scenario ................................................................................................................................. 2

2.0 DESCRIPTION OF ISS AND THE ECLS SYSTEMS ........................................................................................ 3

2.1 Description of the Russian Segment and ECLS Capabilities .................................................................... 3

2.2 Description of the U.S. On-Orbit Segment and ECLS Capabilities .......................................................... 10

2.3 Description of the International Segments and ECLS Capabilities ........................................................... 15

2.4 Construction of ISS and the ECLS Capabilities During Station Assembly ............................................... 17

2.4.1 Phase 2 Flights IA Through 6A ............................................................................................... 19

2.4.2 Phase 3--Flights 6R Through 18A ............................................................................................. 20

3.0. ISS SEGMENT ECLS SPECIFICATIONS ..........................................................................................................

3.1 ECLS Performance Requirements .............................................................................................................

3.2 Design Philosophies ...................................................................................................................................

3.3 ISS ECLS Capabilities ...............................................................................................................................

3.3.1

3.3.2

3.3.3

3.3.4

3.3.5

RS ECLS Capabilities .................................................................................................................

USOS ECLS Capabilities ............................................................................................................

APM ECLS Capabilities ..............................................................................................................

JEM ECLS Capabilities ...............................................................................................................

MPLM ECLS Capabilities ..........................................................................................................

22

22

22

27

29

32

39

41

43

4.0. INTEGRATED OPERATION ..............................................................................................................................

4.1 Intermodule ECLS Interfaces ....................................................................................................................

4.1.1

4.1.2

4.1.3

4.1.4

RS ECLS Interface with the USOS .............................................................................................

RS-to-EVA ECLS Interface .........................................................................................................

USOS to APM, JEM, and MPLM ECLS Interface .....................................................................

USOS-to-AL-to-EVA Interface ...................................................................................................

45

45

45

45

45

47

vii



4.2 OperationalConsiderations........................................................................................................................48

4.3 Responsibilities..........................................................................................................................................50

5.0.SAFETY,RELIABILITY,ANDQUALITYASSURANCE..................................................................................51

5.1 SystemDurabilityandMaintainability......................................................................................................51

5.2 HumanFactorsandOtherRequirements...................................................................................................51

5.3 SafetyFeatures...........................................................................................................................................51

5.3.1 FailureTolerance.........................................................................................................................52

5.3.2 DesignforSafety.........................................................................................................................52

5.4 FailureResponseProcedures.....................................................................................................................52

5.5 Verification.................................................................................................................................................52

5.5.1 VerificationMethods...................................................................................................................53

5.5.2 VerificationLevels.......................................................................................................................53

5.5.3 VerificationPhases......................................................................................................................54

5.5.4 VerificationofECLSFunctions..................................................................................................54

5.6 FailureDetection,Isolation,andRecovery.....................:..........................................................................58

i.0

Chapter Ih The United States On-Orbit Segment

and Its Environmental Control and Life Support System

INTRODUCTION: THE UNITED STATES ON-ORBIT SEGMENT AND ITS ECLSS .................................. 59

1.1 The USOS Pressurized Elements ............................................................................................................... 59

1.2 The USOS ECLS Functions ...................................................................................................................... 59

2.0 DESCRIPTION OF THE USOS ECLSS .............................................................................................................

3.0

60

2.1 USOS ECLS System Design and Operation .............................................................................................. 62

2.2. ECLS Monitoring and Control .................................................................................................................. 65

2.3 ECLS Interconnections Between the Elements ......................................................................................... 65

2.4 Logistics Resupply ..................................................................................................................................... 65

ECLS TECHNOLOGIES ..................................................................................................................................... 77

3.1 Atmosphere Control and Supply (ACS) .................................................................................................... 77

3.1.1 Control Total Atmospheric Pressure ............................................................................................ 86

3.1.1.1 Monitor Total Atmospheric Pressure ........................................................................... 86

3.1.1.2 Introduce Nitrogen ...................................................................................................... 88

viii



3.2

3.1.2 88

88

88

88

88

89

89

ControlOxygenPartialPressure.................................................................................................

3.1.2.1 MonitorOxygenPartialPressure................................................................................

3.1.2.2 IntroduceOxygen........................................................................................................

3.1.2.2.l OxygenSupply/GenerationAssembly....................................................

3.1.2.2.1.1

3.1.2.2.1.2

3.1.2.2.1.3

OxygenGenerationAssembly(OGA)Design...................

OGAOperation..................................................................

OGAPerformance..............................................................

3.1.3 RelieveOverpressure...................................................................................................................89

3.1.4 EqualizePressure.........................................................................................................................89

3.1.4.1 MPEVDesign..............................................................................................................91

3.1.4.2 MPEVOperation.........................................................................................................91

3.1.4.3 MPEVPerformance....................................................................................................91

3.1.5 RespondtoRapidDecompression...............................................................................................91

3.1.5.1 DetectRapidDecompression......................................................................................91

3.1.5.2 RecoverFromRapidDecompression.........................................................................91

3.1.6 RespondtoHazardousAtmosphere.............................................................................................91

3.1.6.1 DetectHazardousAtmosphere....................................................................................93

3.1.6.2 RemoveHazardousAtmosphere.................................................................................93

3.1.6.3 RecoverfromHazardousAtmosphere........................................................................95

TemperatureandHumidityControl(THC)...............................................................................................95

3.2.1 ControlAtmosphericTemperature..............................................................................................101

3.2.1.1 MonitorAtmosphericTemperature.............................................................................101

3.2.1.2 RemoveAtmosphericHeat..........................................................................................101

3.2.1.2.1CCAADesign...........................................................................................103

3.2.1.2.2CCAAOperation......................................................................................110

3.2.1.2.3CCAAPerformance..................................................................................111

3.2.1.3 AvionicsAirAssembly(AAA)....................................................................................111

3.2.2 ControlAtmosphericMoisture....................................................................................................116

3.2.2.1 MonitorHumidity.......................................................................................................116

3.2.2.2 RemoveAtmosphericMoisture...................................................................................116

3.2.2.3 DisposeofRemovedMoisture....................................................................................116

3.2.3 ControlAirborneParticulateContaminants................................................................................116

3.2.3.1 RemoveAirborneParticulateContaminants...............................................................116

3.2.3.2 DisposeofAirborneParticulateContaminants...........................................................116

ix



3.3

3.4

3.5

3.6

3.2.4 Control Airborne Microorganisms ............................................................................................... 116

3.2.4.1 Remove Airborne Microorganisms ............................................................................. 116

3.2.4.2 Dispose of Airborne Microorganisms ......................................................................... 117

3.2.5 Circulate Atmosphere: Intramodule ............................................................................................ 117

3.2.6 Circulate Atmosphere: Intermodule ............................................................................................ 117

Atmosphere Revitalization (AR) ............................................................................................................... 120

3.3.1 Control Carbon Dioxide .............................................................................................................. 121

3.3.1.1 Monitor CO2 ....................................................................................................................................... 121

3.3.1.2 Remove CO2 ....................................................................................................................................... 121

3.3.1.2.1 4BMS Design ........................................................................................... 121

3.3.1.2.2 4BMS Operation ....................................................................................... 138

3.3.1.2.3 4BMS Performance .................................................................................. 139

3.3.1.3 Dispose of CO2 .................................................................................................................................. 139

3.3.2 Control Gaseous Contaminants ................................................................................................... 139

3.3.2.1 Monitor Gaseous Contaminants .................................................................................. 139

3.3.2.1.1 Major Constituent Analyzer (MCA) Design ............................................ 140

3.3.2.1.2 MCA Operation ........................................................................................ 143

3.3.2.1.3 MCA Performance .................................................................................... 143

3.3.2.1.4 Sample Delivery Subsystem (SDS) .......................................................... 144

3.3.2.2 Remove Gaseous Contaminants .................................................................................. 147

3.3.2.2.1 Trace Contaminant Control Subassembly (TCCS) Design ...................... 147

3.3.2.2.2 TCCS Operation ....................................................................................... 152

3.3.2.2.3 TCCS Performance ................................................................................... 155

3.3.2.3 Dispose of Gaseous Contaminants .............................................................................. 156

Fire Detection and Suppression (FDS) ...................................................................................................... 156

3.4.1 Respond to Fire ............................................................................................................................ 159

3.4.1.1 Detect a Fire Event ...................................................................................................... 162

3.4.1.2 Isolate Fire Control Zone ............................................................................................ 162

3.4.1.3 Extinguish Fire ............................................................................................................ 162

3.4.1.4 Recover From aFire .................................................................................................... 163

Waste Management (WM) ......................................................................................................................... 163

3.5.1 Accommodate Crew Hygiene and Wastes ................................................................................... 163

Water Recovery and Management (WRM) ............................................................................................... 163

3.6.1 Provide Water for Crew Use ........................................................................................................ 166



3.7

3.8

3.6.1.I 167

3.6.1.2 172

3.6.1.3 176

3.6.1.4 176

3.6.2 MonitorWaterQuality.................................................................................................................176

3.6.2.! ProcessControlandWaterQualityMonitor(PCWQM)............................................176

3.6.3 SupplyPotableWater..................................................................................................................178

3.6.4 SupplyHygieneWater.................................................................................................................178

3.6.5 ProcessWastewater..................................................................................................................178

3.6.5.1 WaterProcessor(WP).................................................................................................178

3.6.5.1.1WPDesign................................................................................................179

3.6.5.1.2WPOperation...........................................................................................179

3.6.5.1.3WPPerformance.......................................................................................180

3.6.5.2 UrineProcessor(UP)..................................................................................................180

3.6.5.2.1UPDesign.................................................................................................180

3.6.5.2.2UPOperation............................................................................................183

3.6.5.2.3UPPerformance........................................................................................183

3.6.7 SupplyWaterforPayloads..........................................................................................................183

VacuumServices(VS)...............................................................................................................................183

3.7.I SupplyVacuumServicestoUserPayloads.................................................................................184

3.7.1.1 ProvideVacuumExhaust.............................................................................................184

3.7.1.2 ProvideVacuumResource...........................................................................................184

ExtravehicularActivity(EVA)Support.....................................................................................................184

3.8.1 SupportDenitrogenation.............................................................................................................189

3.8.1.1 SupportIn-SuitPrebreathe..........................................................................................189

3.8.1.2 SupportCampoutPrebreathe......................................................................................189

3.8.2 SupportServiceandCheckout....................................................................................................189

3.8.2.1 ProvideWater..............................................................................................................189

3.8.2.2 ProvideOxygen...........................................................................................................189

3.8.2.3 ProvideIn-SuitPurge..................................................................................................189

3.8.3 SupportStationEgress................................................................................................................189

3.8.3.1 EvacuateAirlock.........................................................................................................189

3.8.4 SupportStationIngress................................................................................................................189

3.8.4.1 AcceptWastewater......................................................................................................189

WastewaterVentAssembly.........................................................................................

CondenaateandFuel-CellWaterStorageTanks.........................................................

ContingencyWaterCollection....................................................................................

WaterDistributionNetwork........................................................................................

xi



3.9 OtherECLSSFunctions.............................................................................................................................189

3.9.1 DistributeGasestoUserPayloads..............................................................................................189

4.0 SAFETYFEATURES...........................................................................................................................................190

5.0 MAINTENANCEPROCEDURES......................................................................................................................191

6.0 EMERGENCYPROCEDURESANDFAILURERESPONSES........................................................................193

6.1 ResponsestoEquipmentFailures..............................................................................................................193

6.1.1 4BMSFailureModesandResponses..........................................................................................193

6.2 ResponsestoOperatingError....................................................................................................................196

6.3 ResponsestoExternalEvents....................................................................................................................196

6.4 VentingaModule.....................................................................................................................................196

Chapter III: The European, japanese, and Italian Segement ECLSS

1.0 INTRODUCTION ................................................................................................................................................ 197

1.1 The APM, JEM, and MPLM EC_LS Functions .......................................................................................... 197

1.2 Commonality of Hardware ........................................................................................................................ 197

2.0 DESCRIPTIONS OF THE APM, JEM, AND MPLM SEGMENT ECLSS ........................................................ 199

2.1 ECLS System Design and Operation ......................................................................................................... 199

2.1.1 APM ECLSS Design and Operation ........................................................................................... 199

2.1.2 JEM ECLSS Design and Operation ............................................................................................ 201

2.1.3 MPLM ECLSS Design and Operation ........................................................................................ 204

2.2 ECLS Monitoring and Control .................................................................................................................. 206

2.3 ECLS Interconnections .............................................................................................................................. 206

2.3.1 APM Interconnections ................................................................................................................. 206

2.3.2 JEM Interconnections .................................................................................................................. 209

2.3.3 MPLM Interconnections .............................................................................................................. 209

Logistics Resupply ..................................................................................................................................... 2112.4

3.0 ECLS TECHNOLOGIES ..................................................................................................................................... 215

3.1 Atmosphere Control and Supply (ACS) .................................................................................................... 215

xii



3.1.1

3.1.2

3.1.3

APMACS....................................................................................................................................219

3.1.1.1 ControlTotalAtmosphericPressure............................................................................219

3.1.1.1.1MonitorTotalAtmosphericPressure........................................................219

3.1.1.1.2NegativePressureReliefAssembly(NPRA)...........................................219

3.1.1.1.3N2Distribution.........................................................................................220

3.1.1.2 ControlOxygenPartialPressure.................................................................................220

3.1.1.3 RelieveOverpressure..................................................................................................220

3.1.1.4 EqualizePressure........................................................................................................221

3.1.1.5 RespondtoRapidDecompression..............................................................................221

3.1.1.6 RespondtoHazardousAtmosphere............................................................................222

3.1.1.6.I DepressurizationAssembly(DA) ............................................................. 222

3.1.1.6.1.1 DA Design ............................................................................. 222

3.1.1.6.1.2 DA Operation ......................................................................... 223

3.1.1.6.1.3 DA Performance .................................................................... 223

JEM ACS ..................................................................................................................................... 223

3.1.2.1 Control Total Atmospheric Pressure ............................................................................ 223

3.1.2.1.1 Monitor Total Atmosphere Pressure ......................................................... 223

3.1.2.1.2 Negative Pressure Relief Assembly (NPRA) ........................................... 223

3.1.2.1.3 N2 Distribution ......................................................................................... 223

3.1.2.2 Control Oxygen Partial Pressure ................................................................................. 223

3.1.2.3 Relieve Overpressure .................................................................................................. 224

3.1.2.4 Equalize Pressure ........................................................................................................ 224

3.1.2.5 Respond to Rapid Decompression .............................................................................. 225

3.1.2.6 Respond to Hazardous Atmosphere ............................................................................ 225

3.1.2.6.1 Depressurization Assembly ...................................................................... 225

MPLM ACS ................................................................................................................................. 225

3.1.3.1 Control Total Atmospheric Pressure ............................................................................ 225

3.1.3.2 Negative Pressure Relief ............................................................................................. 225

3.1.3.3 Control Oxygen Partial Pressure ................................................................................. 225

3.1.3.3.1 SDS Sample Line ..................................................................................... 225

3.1.3.3.2 SDS Shutoff Valve .................................................................................... 225

3.1.3.3.3 SDS Filter ................................................................................................. 226

3.1.3.4 Relieve Overpressure .................................................................................................. 226

3.1.3.5 Equalize Pressure ........................................................................................................ 226

xiii



3.1.3.6 RespondtoRapidDecompression..............................................................................226

3.1.3.7 RespondtoHazardousAtmosphere............................................................................226

3.1.3.7.1DepressurizationAssembly......................................................................227

3.2 TemperatureandHumidityControl(THC)...............................................................................................227

3.2.1 APMTHC...................................................................................................................................227

3.2.1.1 ControlAtmosphereTemperature...............................................................................229

3.2.1.I.1 MonitorAtmosphereTemperature...........................................................229

3.2.1.1.2RemoveExcessHeat................................................................................229

3.2.1.2 ControlAtmosphereMoisture.....................................................................................229

3.2.1.3 CirculateAtmosphereIntramodule.............................................................................229

3.2.1.4 Circulate Atmosphere Intermodule ............................................................................. 229

3.2.2 JEM THC ..................................................................................................................................... 233

3.2.2.1 Control Atmosphere Temperature ............................................................................... 235

3.2.2.1.1 Monitor Atmosphere Temperature ........................................................... 235

3.2.2.1.2 Remove Excess Heat ................................................................................ 238

3.2.2.2 Control Atmosphere Moisture ..................................................................................... 238

3.2.2.3 Circulate Atmosphere Intramodule ............................................................................. 238

3.2.2.4 Circulate Atmosphere Intermodule ............................................................................. 238

3.2.3 MPLM THC ................................................................................................................................ 240

3.2.3.1 Control Atmospheric Temperature .............................................................................. 240

3.2.3.2 Control Atmospheric Moisture .................................................................................... 240

3.2.3.3 Circulate Atmosphere Intramodule ............................................................................. 240

3.2.3.4 Circulate Atmosphere Intermodule ............................................................................. 240

3.3 Atmosphere Revitalization (AR) ............................................................................................................... 240

3.3.1 APM AR ...................................................................................................................................... 240

3.3.1.1 Control CO2 ......................................................................................................................................... 240

3.3.1.2 Control Gaseous Contaminants ................................................................................... 241

3.3.1.2.1 Monitor Gaseous Contaminants ............................................................... 241

3.3.1.3 Control Airborne Particulate Contaminants ................................................................ 241

3.3.1.4 Control Airborne Microbial Growth ........................................................................... 241

3.3.2 JEM AR ....................................................................................................................................... 241

3.3.2.1 Control CO2 ........................................................................................................................................ 242

3.3.2.2 Control Gaseous Contaminants ................................................................................... 242

3.3.2.2.1 Monitor Gaseous Contaminants ............................................................... 245

xiv



3.3.2.3 Control Airborne Particulate Contaminants ................................................................ 245

3.3.2.4 Control Airborne Microbial Growth ........................................................................... 245

3.3.3 MPLM AR ................................................................................................................................... 245

3.3.3.1 Control CO2 ......................................................................................................................................... 245

3.3.3.2 Control Gaseous Contaminants ................................................................................... 245

3.3.3.2.1 Monitor Gaseous Contaminants ............................................................... 245

3.3.3.3 Control Airborne Particulate Contaminants ................................................................ 245

3.3.3.4 Control Airborne Microbial Growth ........................................................................... 245

3.4 Fire Detection and Suppression (FDS) ...................................................................................................... 245

3.4.1 APM FDS .................................................................................................................................... 245

3.4.1.1 Respond to Fire ........................................................................................................... 245

3.4.1.1.1 Detect a Fire Event ................................................................................... 246

3.4.1.1.2 Isolate Fire ................................................................................................ 246

3.4.1.1.3 Extinguish Fire ......................................................................................... 246

3.4.1.1.4 Recover From a Fire ................................................................................. 249

3.4.2 JEM FDS ..................................................................................................................................... 249

3.4.2.1 Respond to Fire ........................................................................................................... 249

3.4.2.1.1 Detect a Fire Event ................................................................................... 249

3.4.2.1.2 Isolate Fire ................................................................................................ 249

3.4.2.1.3 Extinguish a Fire ...................................................................................... 249

3.4.3 MPLM FDS ................................................................................................................................. 249

3.4.3.1 Respond to Fire ........................................................................................................... 250

3.4.3.1.1 Detect a Fire ............................................................................................. 250

3.4.3.1.2 Isolate a Fire Event ................................................................................... 250

3.4.3.1.3 Extinguish a Fire ...................................................................................... 250

3.5 Waste Management (WM) ......................................................................................................................... 250

3.5.1 APMWM .................................................................................................................................... 250

3.5.1.1 Accommodate Crew Hygiene and Wastes .................................................................. 250

3.5.2 JEM WM ..................................................................................................................................... 250

3.5.2.1 Accommodate Crew Hygiene and Wastes .................................................................. 250

3.5.3 MPLM WM ................................................................................................................................. 250

3.5.3.1 Accommodate Crew Hygiene and Wastes .................................................................. 250

3.6 Water Recovery and Management (WRM) ............................................................................................... 250

3.6.1 APM WRM ................................................................................................................................. 250

XV



3.7

3.8

3.6.1.1 Provide Water for Crew Use ........................................................................................ 252

3.6.1.2 Supply Water for Payloads .......................................................................................... 252

3.6.2 JEM WRM ................................................................................................................................... 252

3.6.2.1 Provide Water for Crew Use ........................................................................................ 253

3.6.2.2 Supply Water for Payloads .......................................................................................... 253

3.6.3 MPLM WRM .............................................................................................................................. 253

3.6.3.1 Provide Water for Crew Use ........................................................................................ 253

3.6.3.2 Supply Water for Payloads .......................................................................................... 256

Vacuum Services (VS) ............................................................................................................................... 256

3.7.1 APM VS ......................................................................................................................................

3.7.1.1 Supply Vacuum Services to User Payloads .................................................................

3.7.1.1.1 Vacuum Resource .....................................................................................

3.7.2

3.7.3

3.7.1.1.2 Waste Gas Exhaust ...................................................................................

JEM VS .......................................................................................................................................

3.7.2.1 Supply Vacuum Services to User Payloads .................................................................

3.7.2.1.1 Vacuum Resource ........................................................................................................

3.7.2.1.2 Waste Gas Exhaust ......................................................................................................

256

256

256

256

256

256

256

256

MPLM VS ................................................................................................................................... 257

3.7.3.1 Supply Vacuum Services to User Payloads ................................................................. 257

EVA Support .............................................................................................................................................. 258

3.8.1 APM EVA Support ...................................................................................................................... 258

3.8.1.1 Support Denitrogenation ............................................................................................. 258

3.8.1.2 Support Service and Checkout .................................................................................... 258

3.8.1.3 Support Station Egress ................................................................................................ 258

3.8.1.4 Support Station Ingress ............................................................................................... 258

3.8.2 JEM EVA Support ....................................................................................................................... 258

3.8.2.1 Support Denitrogenation ............................................................................................. 258

3.8.2.2 Support Service and Checkout .................................................................................... 258

3.8.2.3 Support Station Egress ................................................................................................ 258

3.8.2.4 Support Station Ingress ............................................................................................... 258

3.8.3 MPLM EVA Support ................................................................................................................... 258

3.8.3.1

3.8.3.2

3.8.3.3

3.8.3.4

Support Denitrogenation ............................................................................................. 258

Support Service and Checkout .................................................................................... 258

Support Station Egress ................................................................................................ 258

Support Station Ingress ............................................................................................... 258

xvi



3.9 OtherECLSFunctions...............................................................................................................................258

3.9.1 APMOtherECLSFunctions.......................................................................................................258

3.9.I.1 GasestoUserPayloads...............................................................................................258

3.9.2 JEMOtherECLSFunctions........................................................................................................259

3.9.2.1 GasestoUserPayloads...............................................................................................259

3.9.2.2 ExperimentAirlock(EAL)Pressurize/DepressurizeEquipment................................259

3.9.3 MPLMOtherECLSSFunctions.................................................................................................260

4.0 SAFETYFEATURES...........................................................................................................................................261

4.1 PPRA.........................................................................................................................................................261

4.2 PressureShellPenetrations........................................................................................................................261

4.3 FailureTolerance........................................................................................................................................261

5.0 MAINTENANCE PROCEDURES ...................................................................................................................... 262

5.1 APM CHX Dryout Procedure .................................................................................................................... 262

5.2 APM CHX Core Replacement Procedure .................................................................................................. 262

6.0 EMERGENCY PROCEDURES AND FAILURE RESPONSES ........................................................................ 263

6.1 Fire in the APM .......................................................................................................................................... 263

6.2 Fire in the JEM .......................................................................................................................................... 263

6.3 Fire/Emergency in the MPLM ................................................................................................................... 263

6.4 PPRA failure scenario ................................................................................................................................ 263

6.5 APM Water Separator Failure .................................................................................................................... 263

6.6 Depressurization of the APM, JEM, or MPLM ......................................................................................... 264

xvii



LIST OF FIGURES

Chapter I: Overview

1. ISS configuration ............................................................................................................................................. 4
2. RS ECLSS ....................................................................................................................................................... 5

3. USOSECLSS .................................................................................................................................................. 6

4. FGB equipment locations ................................................................................................................................ 8

5. RS service module equipment locations .......................................................................................................... 9
6. Isometric cutaway view of the U.S. Lab ......................................................................................................... 11

7. Nodes 1 and 2 design and outfitting ................................................................................................................ 12
8. PMA-I ............................................................................................................................................................ 13

9. Joint AL ........................................................................................................................................................... 14

10. Joint AL equipment lock .................................................................................................................................. 15

11. JEM schematic ................................................................................................................................................. 16

12. MPLM schematic ............................................................................................................................................ 17

13. RS fire safety criteria ...................................................................................................................................... 30

14. USOS fire protection selection criteria ........................................................................................................... 36

15. USOS fire protection selection criteria (continued) ........................................................................................ 37

16. USOS fire protection selection criteria (continued) ........................................................................................ 38

17. APM external ECLS interfaces ....................................................................................................................... 46

18. JEM external ECLS interfaces ........................................................................................................................ 47

19. MPLM external ECLS interfaces .................................................................................................................... 48

20. ISS cooling and humidity removal loads configuration after the Russian LSM installed ............................... 50

Chapter Ih The United States On-Orbit Segment

and Its Environmental Control and Life Support System

21. USOS ECLSS functions .................................................................................................................................. 60

22. USOS ECLS functional integration ....................................................................................... 64

23. USOS PCS "laptop" computer. ....................................................................................................................... 65
24. ECLS interconnections through PMA-2 and PMA-3 .................................................................................... 65

25. USOS vestibule fluid connectors ..................................................................................................................... 71

26. ACS subsystem interfaces ............................................................................................................................... 77

27. ACS subsystem ................................................................................................................................................ 78

28. ACS subsystem (continued) ............................................................................................................................ 79

29. ACS subsystem (continued) ............................................................................................................................ 79

30. ACS subsystem (continued) ............................................................................................................................ 80

31. ACS subsystem (continued) ............................................................................................................................ 81

32. ACS subsystem (continued) ............................................................................................................................ 82

33. ACS subsystem (continued) ............................................................................................................................ 83

34. ACS PCA and vent/relief valve assembly ....................................................................................................... 84
35. ACS PCP. ......................................................................................................................................................... 85

36. 02 compressor modules A and B .................................................................................................................... 87
37. MPEV. ............................................................................................................................................................. 87

38. Cabin atmospheric pressure sensor. ................................................................................................................. 88

39. Water electrolysis for oxygen generation ........................................................................................................ 89

40. VRV assembly. ................................................................................................................................................ 90
41. Overboard vent ................................................................................................................................................ 90

42. USOS PBA ..................................................................................................................................................... 92

43. VOA block diagram ......................................................................................................................................... 93

.,,
XVlll



VOA schematic ................................................................................................................................................

THC subsystem interfaces .................................................................. . ............................................................

THC subsystem ...............................................................................................................................................

THC subsystem (continued) ............................................................................................................................

THC subsystem (continued) ............................................................................................................................

THC subsystem (continued) ............................................................................................................................

94

96

97

98

98

99

4,

45.

46.

47.

48.

49.

50. THC subsystem (continued) ............................................................................................................................ 100

51. THC subsystem (continued) ............................................................................................................................ 101

52. THC subsystem (continued) ............................................................................................................................ 102

53. THC/TCS packaging in Rack LAP6 ............................................................................................................... 103

54. USOS atmospheric temperature sensor. .......................................................................................................... 103
55. CCAA Inlet ORU ............................................................................................................................................ 105

56. CCAA THC fan assembly ................................................................................................................................ 106
57. THC CHX schematic ....................................................................................................................................... 107

58. THC CHX "slurper bar" schematic ................................................................................................................. 107
59. THC TCCV. ..................................................................................................................................................... 109

60. THC CCAA water separator. ........................................................................................................................... 110

61. THC CCAA WS liquid sensor ......................................................................................................................... 111

62. THC CCAA HX liquid sensor. ........................................................................................................................ 112
63. THC CCAA EIB .............................................................................................................................................. 112

64. CCAA process schematic ................................................................................................................................ 113
65. CCAA commands/overrides/states .................................................................................................................. 115

66. USOS AAA schematic ..................................................................................................................................... 115

67. THC water separator. ....................................................................................................................................... 117

68. THC HEPA filter assembly. ............................................................................................................................. 118
69. IMV hardware .................................................................................................................................................. 119

70. IMV fan assembly ........................................................................................................................................... 120
71. IMV valve ........................................................................................................................................................ 120

72. IMV valve manual override operation ............................................................................................................. 121

73. USOS AR subsystem interfaces ...................................................................................................................... 122

74. Diagram of the USOS AR subsystem .............................................................................................................. 122
75. AR subsystem .................................................................................................................................................. 123

76. AR subsystem (continued) .............................................................................................................................. 124

77. AR subsystem (continued) .............................................................................................................................. 124

78. AR subsystem (continued) .............................................................................................................................. 125

79. AR subsystem (continued) .............................................................................................................................. 126

80. AR subsystem (continued) .............................................................................................................................. 127

81. AR subsystem (continued) .............................................................................................................................. 128

82. USOS AR rack packaging in the Lab .............................................................................................................. 129

83. Schematic of ARrack assembly connections .................................................................................................. 130
84. 4BMS CDRA ................................................................................................................................................... 131

85. 4BMS interfaces and time-averaged thermal loads ......................................................................................... 133
86. 4BMS desiccant bed/CO2 sorbent bed ORU .................................................................................................. 135

87. 4BMS air check valves .................................................................................................................................... 135

88. 4BMS precooler. .............................................................................................................................................. 136

89. 4BMS blower assembly. .................................................................................................................................. 136
90. 4BMS air-save pump ....................................................................................................................................... 137

91. 4BMS operational states and transition paths ................................................................................................. 139
92. 4BMS operating sequence ............................................................................................................................... 140

93. CO2 removal performance requirement .......................................................................................................... 141

94. Schematic of the MCA process ....................................................................................................................... 141
95. MCA hardware ................................................................................................................................................ 142

96. Atmospheric sampling port locations .............................................................................................................. 144

97. Sample line shut-off valve ............................................................................................................................... 146

98. Sample probe ................................................................................................................................................... 147

99. External and Internal Sampling Adapter. ......................................................................................................... 148
100. Schematic of the TCCS hardware ................................................................................................................... 149

xix



101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.

140.

141.

TCCS charcoal bed _ssembly .......................................................................................................................... 150

Probable TCCS flow meter design .................................................................................................................. 150

TCCS catalytic oxidizer design ....................................................................................................................... 151

TCCS LiOH bed assembly .............................................................................................................................. 153

TCCS operating states and transition commands ............................................................................................ 153

TCCS process diagram .................................................................................................................................... 154

FDS subsystem ................................................................................................................................................ 156

FDS subsystem (continued) ............................................................................................................................. 157

FDS subsystem (continued) ............................................................................................................................. 157

FDS subsystem (continued) ............................................................................................................................. 158

FDS subsystem (continued) ............................................................................................................................. 159

FDS subsystem (continued) ............................................................................................................................. 160

FDS subsystem (continued) ............................................................................................................................. 161

USOS C&W panel ........................................................................................................................................... 162
Smoke detector. ............................................................................................................................................... 163

Fire suppression port (in an ISPR front) .......................................................................................................... 164
PFE ................................................................................................................................................................. 164

USOS WM commode schematic ..................................................................................................................... 165

USOS WM urinal ............................................................................................................................................ 165

Urine prefilter/pretreatment assembly ............................................................................................................. 166

WRM subsystem interfaces ............................................................................................................................. 167

WRM subsystem architecture .......................................................................................................................... 168
WRM subsystem ............................................................................................................................................. 169

WRM subsystem (continued) .......................................................................................................................... 170

WRM subsystem (continued) .......................................................................................................................... 170

WRM subsystem (continued) .......................................................................................................................... 171

WRM subsystem (continued) .......................................................................................................................... 172

WRM subsystem (continued) .......................................................................................................................... 173

WRM subsystem (continued) .......................................................................................................................... 174

USOS wastewater vent assembly .................................................................................................................... 175
USOS wastewater vent locations ..................................................................................................................... 175

Contingency water collection container. ......................................................................................................... 176

USOS WRM PCWQM .................................................................................................................................... 177
WP schematic .................................................................................................................................................. 181

USOS UP schematic .................................................... 182

U.S. VCDS urine processor distillation unit .................................................................................................... 184
USOS Lab VS .................................................................................................................................................. 185

USOS Lab VS (continued) .............................................................................................................................. 186

Joint AL ACS Subsystem ................................................................................................................................ 187

USOS TCCS in extended position for maintenance ........................................................................................ 192

FMEA/CIL screening process to determine criticality rating ......................................................................... 194

Chapter IH: The European, Japanese, and Italian Segements ECLSS

142. APM ECLSS schematic .................................................................................................................................. 200

143. JEM ECLSS schematic .................................................................................................................................... 202

144. MPLM ECLSS schematic ............................ 205

145. APM IMV interface connection with Node 2 ................................................................................................. 207

146. APM fluid interfaces with the USOS .............................................................................................................. 207

147. JEM fluid interfaces with the USOS ............................................................................................................... 210

148. MPLM fluid interfaces with the USOS ........................................................................................................... 211

149. MPLM interface connections .......................................................................................................................... 212

150. ACS subsystems .............................................................................................................................................. 216

151. ACS subsystems (continued) ........................................................................................................................... 217

152. ACS subsystems (continued) ........................................................................................................................... 218

153. APM total pressure sensor ............................................................................................................................... 219

XX



154. NPRA .............................................................................................................................................................. 220

155. APM NPRA functional schematic .................................................... _,,.., ...................................................... 220

156. PPRA functional schematic ............................................................................................................................. 221

157. Positive pressure relief valve ........................................................................................................................... 221
158. APM and MPLM depressurization assembly .................................................................................................. 222

159. APM depressurization assembly functional schematic ................................................................................... 223
160. APM heater control functional schematic ....................................................................................................... 224

161. MPLM sample line layout ............................................................................................................................... 227
162. MPLM SDS shutoff valve ............................................................................................................................... 228

163. MPLM SDS sample line filter ........................................................................................................................ 228

164. THC subsystems .............................................................................................................................................. 230

165. THC subsystems (continued) .......................................................................................................................... 231

166. THC subsystems (continued) .......................................................................................................................... 232

167. APM THC subsystem functional schematic .................................................................................................... 233

168. APM air temperature sensor. ........................................................................................................................... 233
169. APM THC CHX Schematic ............................................................................................................................ 234

170. APM air diffuser. ............................................................................................................................................. 235

171. JEM THC subsystem ....................................................................................................................................... 236

172. JEM CHX and water separator. ....................................................................................................................... 237
173. JEM intramodule circulation ........................................................................................................................... 239

174. Atmosphere circulation in the MPLM ............................................................................................................. 241

175. AR subsystem schematic ................................................................................................................................. 242

176. AR subsystem schematic (continued) ............................................................................................................. 243

177. AR subsystem schematic (continued) ............................................................................................................. 244

178. FDS subsystem schematic ............................................................................................................................... 246

179. FDS subsystem schematic (continued) ............................................................................................................ 247

180. FDS subsystem schematic (continued) ............................................................................................................ 248
181. JEM FDS schematic ........................................................................................................................................ 251

182. MPLM Fire suppression ports ......................................................................................................................... 252

183. WRM subsystem schematic ............................................................................................................................ 253

184. WRM subsystem schematic (continued) ......................................................................................................... 254

185. WRM subsystem schematic (continued) ......................................................................................................... 255

186. APM vacuum services subsystem functional schematic ................................................................................. 257

187. APM nitrogen supply subsystem functional schematic ................................................................................... 259
188. EAL schematic ................................................................................................................................................ 260

189. APM shell penetration seals ............................................................................................................................ 261

190. APM shell penetration seals (continued) ......................................................................................................... 261
191. Hatch positions when the APM, JEM, or MPLM is depressurized ................................................................. 264

LIST OF TABLES

Chapter I: Overview

1. ECLSS capability buildup by flight ................................................................................................................ 18

2. General ECLSS design requirements .............................................................................................................. 23
3. Metabolic design loads .................................................................................................................................... 24

4. ECLS philosophy differences and similarities ................................................................................................ 25

5. ISS ECLS capabilities ..................................................................................................................................... 27

6. Russian allowable concentrations of gaseous contaminants ........................................................................... 31

7. Combustion product detection ranges ............................................................................................................. 33

8. U.S. spacecraft maximum allowable concentrations of gaseous contaminants .............................................. 34

9. Trace gas detection limit .................................................................................................................................. 35

10. USOS water quality requirements ................................................................................................................... 40

11. An example verification matrix ....................................................................................................................... 53

xxi



12. VerificationmethodsforRSECLSfunctions..................................................................................................55
13. VerificationmethodsforUSOSECLSfunctions............................................................................................56
14. VerificationmethodsforAPM,JEM,andMPLMECLSfunctions................................................................57
15. ECLScapabilitiesrequiringautomaticfaultdetection,isolation,andrecovery(FDIR)................................58

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

Chapter Ih The United States On-Orbit Segment

and Its Environmental Control and Life Support System

USOS ECLS capabilities and locations ........................................................................................................... 61

The major USOS ECLS hardware items and their locations .......................................................................... 63

ECLS mass and energy flows between modules ............................................................................................. 66

Vestibule fluid feedthroughs and jumpers ....................................................................................................... 70

USOS ECLS components ................................................................................................................................ 72
ORCA interfaces and conditions ..................................................................................................................... 86

CCAA operating conditions ............................................................................................................................ 114

4BMS sensor specifications ............................................................................................................................ 131

4BMS power consumption .............................................................................................................................. 132

4BMS mass properties ..................................................................................................................................... 132
4BMS limited life items .................................................................................................................................. 138

4BMS states ..................................................................................................................................................... 138

MCA sensor specifications .............................................................................................................................. 143

MCA performance characteristics ................................................................................................................... 144

Atmospheric sampling interface conditions .................................................................................................... 145
TCCS ORU's ................................................................................................................................................... 151

Maximum allowable concentrations of atmospheric contaminants ................................................................ 155

Chapter IIh The European, Japanese, and Italian Segement ECLSS

33. The ECLS functions performed in the APM, JEM, and MPLM ..................................................................... 197
34. APM, MPLM, and JEM common ECLSS hardware ...................................................................................... 198

35. JEM ECLSS design considerations ................................................................................................................. 203
36. APM/USOS interfaces and conditions ............................................................................................................ 208

37. IMV supply and return at the APM/USOS interface ....................................................................................... 209

38. Atmosphere sample line condition at the APM/USOS interface ..................................................................... 209
39. JEM interfaces with the USOS ........................................................................................................................ 210

40. MPLM/USOS interface conditions ................................................................................................................. 211

41. ECLS logistics resupply. ................................................................................................................................. 213

42. APM total pressure sensor characteristics ....................................................................................................... 219

43. JEM temperature sensor characteristics .......................................................................................................... 236
44. JEM intramodule circulation conditions ......................................................................................................... 238

45. IMV supply to the JEM interface conditions ................................................................................................... 239

46. JEM VS subsystem acceptable gases .............................................................................................................. 257

xxii



ABBREVIATIONS, ACRONYMS, DEFINITIONS,

AND TRANSLATIONS

A

A

A

AAA

absorbent

ABU

AC

AC

ACF

ACRV

ACS

ACS

ACS

Ag

AH

AL

amp

APM

AR

(RS) indicates that a term refers to the Russian Segment or equipment

(USOS) indicates that a term refers to the U.S. Segment or equipment

(APM) indicates that a term refers to the ESA segment or equipment

(JEM) indicates that a term refers to the Japanese segment or equipment

(MPLM) indicates that a term refers to the Italian segment or equipment

aft ARS

ampere(s), AMrmp

analysis (verification method)

Avionics Air Assembly (USOS, ASF

APM, JEM)
ASI

a6cop6CHT I_YII?I

BCaCbIBaIOI.II_I

After-Burn Unit, of the Elektron assembly (noun)

water electrolyzer (RS) ATM

Assembly Complete; the final

stage of ISS construction atm

Assembly Compartment, of the ATU

SM, with equipment and storage AVS

tanks outside the pressure shell

(RS) ball area

active components filter; part of
the commode/urinal (RS)

Assured Crew Return Vehicle, BIT

KOCMrrqe CKHI_ K0pa6nb

]_I_[ aBapi_i-ior'o

Bo36pat_emn_

Atmosphere Control and Supply,

pel"ynicpOBaHI/Ie

aTMOCdpepbI (USOS)

Atmospheric Cleansing System,

CIaRTeMa Oqrii._TK_ BV

ATMOCdpepb_ (COA) (RS)

Air Conditioning System (RS) °C

silver, cepe6po

Atmosphere Heater; part of the C

shower facility (RS) Ca

Airlock, BO3/XymHbWa ttr_m3

ampere(s) (see A)
Attached Pressurized Module; cabin

European laboratory module
(APM), also Columbus Orbital campout

Facility (COF)

Atmosphere Revitalization,
KOMI-IeHC_ aWMOCdpepbI

(usos)

brushless motor

CC

Atmosphere Revitalization

Subsystem, CHCTeMa

KOMIIeHCaII_H aTMOCdpepbI

amps per square foot; current

density in water electrolyzers

Agenzia Spaziale Italiana, the

Italian Space Agency

arperaT

atmosphere (on the USOS C&W

panel)

atmospheres of pressure

Audio Terminal Unit

Atmosphere Ventilation System

(RS)

Location in the SM (and UDM)

that serves as an AL prior to
installation of the DC (RS)

built-in-test; the capability for

automatic verification of proper

operation of electronics or

components; Bc'rpoem-xa_

CHCTeMa KOHTpOYI_I

An electric motor that does not

use brushes to transfer electricity
to the rotor

Bleed Valve; part of the ACS

(USOS)

degrees Celcius, r'pa4ECCOB

tte.J-n:,cH_

carbon

calcium; a measure of water

quality (mg/L), Ka_b_arr_
(Mr/n)

Open space in a module,

r'epMOOTCeK C 9_a_eM

Period prior to an EVA when
astronauts, in the AL, breath an

oxygen-rich atmosphere to
remove excess N2 from their
blood

Command Console (RS)
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cc

CCAA

CDD

C&C MDM

C&DH

C&W

CDRA

cfm

CFU

CFU/cm 3

CGSE

CH4

CHeCS

CHRS

CHTS

CHX

CIL

CKB

cm

CM

cubic centimeter(s),

Ky 6I,I-,-IeCKI_ CaHTI, IMeTp

Common Cabin Air Assembly

(USOS)

Capability Description Docu-
ments

Command and Control Multi-

plexer/Demultiplexer (USOS)

Command and Data Handling

(USOS)

Caution and Warning,

0noBempeHn_

HpcHynpe_4_erm_

Carbon Dioxide Removal

Assembly, ar'peraT

y_anem_ ,q6yoKncn

yr'nepo_a 0_OKC_a)

cubic feet per minute; U.S.
measure of air flowrate

Colony Forming Unit, for

quantifying the presence of
bacteria, K0.rlrlx-IeCTBO

KOnOK_eo6pa3yIOU_X

g_OpM_pOBaHrr_
(6axe'repnfi,

MI/IKp0opI"aHH 9MOB}, o6m_ee

KOYII_r.IeCTBO M'gKpO6OB

Measure of the concentration of

microorganisms (KOE/cm3)

Common Gas Support Equip-
ment

methane, Me'ran

Crew Health Care Subassembly,

KOMIIYI (_KC cpe_cTB

(CHCTeMa), HanpaBnean_or_x

Ha noi_ep_an'ne

3_0p0Bl_ 9KHIIa_Ka (USOS)

Central Heat Rejection System,

I_eHTp a.rI.rIH 30 BaHH a,q

CHCTeMa Tel-I.rIOOTBOJ_a
{_CTO} (WCNJ) (RS)

Central Heat Transport System

0_s)

Condensing Heat Exchanger,

BnOK Cenap_

Kor_eHcaTa fBCK) (conden-

sation separation unit)

Critical Items List

air conditioning and humidity

removal assembly (RS)

centimeter(s), CaHTlt_MeTp

Core Module (of the Mir)

CO

CO2

COD

COF

COF2

color

Columbus

CP

CPS

CPU

crew systems

CRES

CRF

CS

CSA

CSPU

CTCU

CTV

CWP

CWRS

CWSA

D

DA

dc

DC

xxiv

carbon monoxide, OKnCb

yrnepo_a

carbon dioxide, ,I_ByOKHCb

yr'nepo_a

Chemical Oxygen Demand;

water quality parameter; a
measure of the oxidizability of

K2CrzOT, OKHCYIHeMOCTb

Columbus Orbital Facility (see

APM)

carbonyl fluoride

Measure of water purity,

I_BeTHOCTb, measured in

degrees, r'pa_srcbI

ESA segment of the ISS (see

APM)

Control Pane]

Cabin Pressure Sensor (USOS)

Central Processing Unit, of a

computer, I_eHTp aYIbHl_IITI
BbIqCCYIblTeJIbHOe

yc'rpo_CTBO

Operation or other activity

performed by the crew on the

ECLS or other system; some-
times referred to as "man

systems" (USOS)

corrosion resistant steel

Contamination Removal Filter

(RS)

Current Stabilizer (on the

Elektron) (RS)

Canadian Space Agency

Condensate Separation and

Pumping Unit (RS)

Cabin Temperature Controller

Units (APM)

Crew Transfer Vehicle,

Kopafinb "Comg" nnn

TpaHcIIop'rHb_._ KoparYlb

Caution and Warning Panel

Condensate Water Recovery

Subsystem (RS)

Condensate Water Separation

Assembly

demonstration (verification

method)

Depressurization Assembly

direct current, 1-Ioc'roaHrmr_

TOK (liT}

Docking Compartment (RS),
CT_IKOBOHI-ILI_ OTCeK



depressurization

detect.

DHU

dia.

DM

dp

DSM

Dyuza-lM

EAL

ECLS

ECLSS

ECS

e_B

EF

EHE

EHL

EHS

EHS

EIB

ELM

ELM-ES

ELM-PS

ELPS

EMI

EMU

EP

pa3r'epMew_t3_

detection

Distribution and Heating Unit,

for dispensing water (RS)

diameter, _HaMewp

See UDM

change in pressure

Docking and Stowage Module,

M0_Cnb Cmrla_CKO_I (RS)

atmosphere leakage monitoring

system on the Mir (_io3a-lM)

Experiment Airlock (JEM)

Environmental Control and Life

Support, per'y.rI_poBaH_.q

oKpyzKaIo_ yc.rIOBl_ H
ZS.l_3Heo6ecileueH___t

ECLS System, CHCTeMa
O6ecneuel-lmq

_KH3Hej_e_i'i'eJx _bHOC TH

(C0}K) rt ynpaanema_

0Kpy_KalOI_e_t cpe_ol_

Environmental Control System,

CncweMa Per'ymapoBaI-Imq

OKpyzKaIO_ yC.rIOBH_
(CPO}

Russian potable water tanks

(22 L) (pronounced yeh-deh-veh)
(RS) Emkoctb _n_ Bo_bI

Exposed Facility (IEM)

Evaporative Heat Exchanger, of

the CHRS (RS)

External Hydraulic Loops, of the

TCS (RS)

Environmental Health System,

CHCTeMa rlo_epmarlmq
mpm-'ol-IOA j_n_ 3_OpOBt,_t

cpe_t,_
Environmental Health Services

Electrical Interface Box (USOS)

Experiment Logistics Module
(JEM)

Experiments Logistics Module-

Exposed Section (JEM)

Experiments Logistics Module-

Pressurized Section (JEM)

Emergency Lighting Power

Supply (MPLM)

electromagnetic interference

Extravehicular Mobility Unit, for

EVA support; spacesuit

Electrolysis Plant (Elektron 02

generator) (RS)

EP

EPS

EPW

ESA

ESD

ETFE

EVA

EWP

oF

F

fan

FC

FDS

FDI

FDIR

feedthrough (noun)

FGB

FMEA

FS

FSP

HI-I, airflow meter designation

(RS)

Electrical Power System

Electrolysis Plant Vacuum Valve,

on the Elektron O2 generator

(RS)

European Space Agency,

eBpolieiTtcKoe KOCMIfft.IeCKOe
aPeHTCTBO

Electroinductive Smoke Detec-

tor, _t36Ctl_aTenb imzKapa

_,IMOB0_

9JIeKTp0_II_OHI-IbI_

(k_9-2) (RS)

ethyltetrafloroethylene

Extravehicular Activity,

BHeK0pa6e.rlbHa.q

j_eHTeYIhHOCTb
K0CMOHaBTOB (BKJ_)

(PafoTa B 0TKpbITKOM

KOCMOCe I4nH Bblxo_ B

0TKpbITKbII_ K0CM0C}

Emergency Warning Panel,

IlynbT aBap_o_

IlomapHo_ cm"Hama3azvma
(HAHC) (in the RS SM)

degrees Fahrenheit,

"reMilepaTypna.q ii_ana

qbapeHi"el_ITa, IIO ii_Kane
_apeI-iFe_Ta

forward

BeHTHgIHT0p

firmware controller

Fire Detection and Suppression,

o6Hapyz_eHHe mm_apa n

no_a_--mm_e, CHCTeMa
nomapoo6Hapymerm_

{CLIO} (Fire Detection System),

C_CTeMa nomapoTymeI-m_

(Fire Suppression System)

Fault Detection and Isolation,

oiipe_enem_e _ ttaonm_m

Fault Detection, Isolation, and

Recovery

A fluid line or electrical line that

is connected through a hole in a

bulkhead or panel

Functional Cargo Module,

qbyHl_0Han_H_I_ Ppyao_ofi

B.rIOK (qbPB); built by Russia

Failure Modes and Effects

Analysis

full scale

Fire Suppression Port
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ft 2

ft 3

FVI

g

G

GA

GA-E

GACU

GAMU

GC/IMS

GCP

GCSS

GFE

GLA

GLHE

GLHEA

GLM

GLMF

GLS

gore panel

gpm

gr

hr

H2

square feet Hab

cubic feet

FDS Volume Indicator (MPLM)

gram(s); metric unit of mass

gravity; acceleration due to
habitat

gravity at the Earth's surface

Gas Analyzer (RS),

PaaoananH3aTop (I'A)

Gas Analyzer-Elektron; the

device that analyzes for H2 in the
HCF

02 outlet (GA-E HE) or for 02 in

the H2 outlet (GA-E 02) (RS)
HC1

Gas Analyzer Control Unit, for
the atmosphere monitoring GA's HCN

(RS) HCU

Gas Analyzer Monitoring Unit, hdwe

for the Elektron GA (RS)

Gas Chromatograph/Ion Mobility HEPA

Spectrometer

Gas Control Panel (RS)

Gas Composition Support

System (RS)

Government Furnished Equip-

ment; provided by NASA to

contractors; may be designed and
fabricated by another contractor
CdSOS) I-mU

General Luminaire Assembly HF
(MPLM)

Gas-Liquid Heat Exchanger hp or I-IP

(component of the Vozdukh) hPa

fRS)
Gas-Liquid Heat Exchanger HTCO

Assembly

gas/liquid mixture,

raao_m_n_KoC'rHa_ CMeCb
(Pa_KC)

HX
Gas/Liquid Mixture Filter (RS),

_IbTp 1-'ag0:_I,I_K0CTH
CMeC_ (0PC)

HXLS
Gas/Liquid Separator,

P a 30]_KI,I,I1K0C T H01_

pa3]Iennwe_L
I

pressure shell of modules
IBMP

gallons per minute (U.S. measure

of liquid flowrate)

grain(s) of water; a measure of
the amount of water in air

(lgr=-0.0648g)

hour(s)

hydrogen, Bo_opo R

hardness

ICD

ID

IN

U.S. Habitation module contain-

ing a galley, exercise and
recreational facilities, and other

non-laboratory functions;

BblTOBOITt 0TCeK (US0S)

pressurized living and working

quarters of the ISS,
O6HTaeMbllTl OTCeK

water quality measurement; see
total hardness

Hazardous Contaminants Filter

(RS)

hydrogen chloride

hydrogen cyanide

heater control unit (MPLM)

hardware, _Ke_e3n_ii_

Me_I-Ibrl_ ToBap

High Efficiency Particulate

Atmosphere filters to remove

particulates and microorganisms
from the atmosphere, B03]_rx C
Bblq0K0_ CTeHeI-IbI0

OI4///CTKI,_ OT l'IbIJ'IH,

MaKpoqacTHI. L
{IIpOW MB0n'I:_IJ'IbHbl_

_YtrII=,wp}

Human Equivalent Unit (regard-

ing metabolic activity)

hydrogen fluoride

high pressure

hecto-Pascals, (metric measure of

pressure)

High-Temperature Catalytic

Oxidizer (of the TCCS),
BblC0KOTeMIIep aTypHbl_
KaTaYIHTI_IqeCKHI_

0KHCnHTen_, (USOS)

Heat Exchanger, to transfer heat

from one fluid (gas or liquid) to
another

Heat Exchanger Liquid Sensor,

BOJ_HO_ _eTCcTop
TeII.rIOO 6MeHI-III'K a

inspection (verification method)

Institute of BioMedical Prob-

lems, HHCTHTyT Me_KO-

6_onorx_qecKvtx npo6neM,

Russian agency concerned with

the medical and biological safety
of the cosmonauts

Interface Control Document

inner diameter

interface; electrical, data, or fluid
connection
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IHL

II

IMS
IMV

in

in H20

integration

interface

I/O

iodine

IPB

1R

ISOV

ISPR

/SS

ITCS

jam-nut

JEM

jumper

KAB

kg

KHPA-63

KOKORInternal Hydraulic Loops (of the
TCS) (RS)

Indicator Instrument, part of the

shower facility (RS)

Ion Mobility Spectrometer

Interrnodule Ventilation, kPa

Me2gjzl3rMo_ynbHa,q
BeI-IT_"I H_q Kvant

inch(es); U.S. measure of
distance K2Cr2Oa

inch(es) of water; measure of AP L

l,inTeprpatI_Lq

HHTep<_elTIC Lab

Input/0utput data exchange,

BXO_/6bIXO_ (cm-Hana),

SBOA/nbmo;n _arim,rx)

r7[o)2 lb
Information Processing Block

infrared radiation, LED

rtHqbpaKpaCHa.q pa_lJ_ LEL
IMV Shutoff Valve

LLI
International Standard Payload

Rack, iio_7e3Ha_ narpy3Ka LSF
CTOI_K a, CTOeK

International Space Station,

Me_K_tl3r_apo_HaJ_

KocMx,rqecKaJ_ CT_ LiOH
(MKC}

Internal Thermal Control System,
CHETeMa

TepMopeI"ynI_pOBaI-Iy_ LSM
BHyTpeI_, BHyTpeI_

KOHTyp CHCTeM'bI

TepMoperTnapoBarv]_

A nut that is thinner than
LSS

standard nuts; often, two jam-

nuts are used together to ensure
that they do not loosen LTCO

Japanese Experiment Module,
HnOHCKI_ LTL

aKcnep_eHT a.rI bHT:,I_
(.rla6opaTopI-IbI_} MO_Srnb LU

A duct or hose that connects fluid LV

lines

KOI-I_eHCaT A'r'M0C(1)epI-IOI'_ LVPT

Briar'H, humidity condensate

(Russian acronym) LWR

kilogram(s); metric measure of m

mass; K_rmr'paMM

chemical absorbent in the HCF rh

(RS)

M

plant growth facility' "conveyor

greenhouse;" KoHBe_eplaa_

KocrInr'ecx_a OpaHmepe_,
KOKOP, "BHTALWIKH" or

"Vitacycle" (RS)

kilo-Pascal(s); metric measure of

pressure, KHJIOYIaCKaYlb

pressurized module attached to

the Mir space station, KBaHT

potassium chromate

liter(s); metric measure of

volume, nnTp

The U.S. module containing

experiment racks and other

scientific equipment,

na6opaToprmrYl Mo]_yYm

CILIA (USOS)

pound(s), U.S. measure of mass,

(I)yHT

light emitting diode

Lower Explosive Limit

Liquid Leak Indicator; part of the

commode/urinal (RS)

Life Support Facility,

Cpe_cwBa O6ecneqenvLq

}K H 3HI_eJ:ITe/IbHOCTH

{C0:,K}

lithium hydroxide,

FH/_p0OKHCH /IHTHH (for C02

and trace contaminant removal

from the atmosphere)

Russian Life Support Module,

M0_Zl_rnb
ZK_I3Heo6eclleqeHi¢_l

(M)KO) (RS)

Life Support System, CHCTeMa
O6ecneqem,Lq

Low-Temperature Catalytic
Oxidizer

Low-Temperature Loop; part of

the ITCS (USOS)

Liquid Unit, of the Elektron (RS)

valves in the Elektron 02

generator (RS)

Linear Variable Pressure Trans-

ducer

Liquid Waste Receptacle

meter(s), Me'rp (metric measure
of distance)

mass flowrate

_H3He_eH'Pe.rI%HOCTH

(CO_K}

motor
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mA
MAC

magnesium

man-system
manual(verb)

manualvalve
max
MCA

MCL

MCV

MDM

MHP

min

min.

Mir

MIRU

mKm

MLI

MLS

m/n

MMH

mmHg

mo

rood

MPEV

MPI

miili-Ampere

Maximum Allowable Concentra-

tions of gaseous trace contami-
nants, MaKCHM_HTbHO

_onyc TI, IMa$:I

KOH_eHTp_

Mar'H_, used as a water quality

parameter measured in mg/L
(Mr�n)

See crew-system

py-q_ofl, 6e3 npraMeHerm_
MeXaHH3MOB

pyqH0_ KnanaH

maximum

Major Constituent Analyzer,

aHa.uH3aT0p OCHOBHbIX

C0CTaB/IHI0_

(aWM0CqbepbI}

Maximum Contamination Level,

npe_eJlbHO _anycwllMa_

Kon_enwpa_t,cr,
MaKCHtvIaJ-IbH0

]_0nyCWnMbm ypoBm_
MnxponpI_MRCe_

Microbial Check Valve

Multiplexer/Demultiplexer, data

transfer equipment

separator pump (RS)

minute(s), MHHyTa(bI},

minimum

Russian space station, Mrrp,
translated "Peace"

Micro-Impurity Removal Unit;

part of the TCCS (RS)

a unit of pressure change
measurement by the Dyuza,

25 mKm Hg/sec = 90 mmHg/h

multilayer insulation

Mostly Liquid Separator; part of

the WP (USOS)

millimeter(s); Mann_Me'rp;
metric measure of distance

maintenance man-hours

millimeters of mercury,

MnnnraMeTp pTyTH0r'0
cTon6a

month(s)

moderate (adjective)

Manual Pressure Equalization

Valve, py_o_ Knanan

Bb/Ylp aBHI,IBaI-IH J:I

_aBneH_t_ CUSOS)

Magnetic Position Indicator

MPLM

mS/era

MSC

MSS

MTBF

MTL

MWP

N

NI

N2

N2

N/A

NASA

NASDA

NC

NH3

NIA

NIV

node

Norm

NPRA

NPRV

NTU

02

OACS
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Mini-Pressurized Logistics

Module (built by Italy)

milliSiemans per centimeter;
measure of electrical conductiv-

ity; a measure of water quality

Module Systems Console (RS)

Mobile Servicing System

Mean Time Between Failures,

for determining the reliability

of components

Moderate Temperature Loop;

part of the ITCS (USOS)

Module Warning Panel, Hym/r

YnpanneHn_ n
Cm-'Ha.nH3at_ (I-I_C} (RS)

nadir; direction, vertically

beneath

Newton(s) (metric unit of force)

Node 1

Node 2

nitrogen, a30T

not applicable

National Aeronautics and Space
Administration,

Hatl_Otta.rlbnoe

YnpaBnen_o Ho

AgpoHaBTHKe n

HccneHoBa_o
K0CMHqecKoI"0

Hp0cTpaHCTBa (HACA)

National Space Development

Agency (Japan)

normally closed

ammonia, aMM_aK

Nitrogen Interface Assembly,

as0w coe_m-mTenbr_or_
6n0K (USOS)

Nitrogen Isolation Valve (USOS)

yg.rIOB

normally

Negative Pressure Relief

Assembly

Negative Pressure Relief Valve

Nephelometric Turbidity Unit;

water quality parameter;

ej_mml._i IMyTH0CTH,
onpe_enermo_

H L_._JI 0M_PpHHec KII'M

CIIOC0_X_M

oxygen, _cnopo;_

Onboard Automation Control

System (RS)



OCCS

OCS

OCP--4

OECS

OGA

OIV

OMS

ops

O_

ORCA

ORU

OSA

OSS

OWF

OWMSU

P

PAV

PBA

pc

PCA

PCA

PCP

PCRA

pcs

PCS

PCU

PCV

Orbital Complex Control System

(RS), cHc'r'eMa yrrpaarlelan_

60pTOBbrM KOMILrIeKCOM

{Cy6K}

0nboard Control System

Russian PFE (RS)

Onboard Equipment Control

System; part of the 0CCS;

CiacweMa YlapaBJxerm_

BOpTOBOR AiinapaTypo_

(CYBA) (RS)

Oxygen Generation Assembly,

CHCTeMa IIO.rIyqC_

KHCJI0pOna

Oxygen Isolation Valve (USOS)

0nboard Measurement System

(RS)

operations

override

02 Recharge Compressor

Assembly (USOS)

Orbital Replacement Unit;

several components attached

together and treated as a single

part (USOS)

Oxygen Supply Aids (RS)

Oxygen Supply Subsystem,

CI_CTeMa nonaqn

KHC_nopona (RS)

(RS)

0xygen/Water Mixture Separa-

tion Unit (RS)

pressure

Process Air Valve (USOS)

Portable Breathing Apparatus,

napTaTHBHa.q MacKa ;UI_

]V_xarImq

particle count

Pressure Control Assembly,

ar'pel"aT per'yTIHpOBaHI,_

naB.rIeKHg (USOS)

Purification Column Assembly

(RS)

Pressure Control Panel, Ha.Henb

ynpaBperm$_ Ha,I_W]BOM

Pressure Control and Regulation
Aids (RS)

pieces, 0Tpeg0K

Portable Computer System
Odsos)

Purification Column Unit

Pressure Control Valve

PCWQM

Pd

PDB

PDGF

PEP

PEV

PFE

PFU

PGU

pH

PHF

PI

PM

PMA

PMC

P0C

port

portable

potable water

ppb

ppCO2

pph

ppm

pp02

PPR

PPRA

Process Control Water Quality

Monitor, m'4Im_aTop

KaqecTBa BO,!_oI (USOS)

paladium

Power Distribution Box (MPLM)

Power Data Grapple Fixture

(where RMS attaches)

Portable Emergency Provisions

Pressure Equalization Valve,

Knanaa BbLrIpaBHHBaHMSI

naBnerra_

Portable Fire Extinguisher,

IIopTaTHBHbIR

Ol"HeTyIIIHTeJ-Ib; also, the act

of extinguishing a fire,

nomapo'rTmerm_

Plaque Forming Unit; quantifies

virus populations

A component of the Elektron

fas)

hydrogen ion concentration in an

aqueous solution, aKTHBHa_

peaK_

Personal Hygiene Facility (RS)

proportional-integral, control

algorithm for temperature control
(usos)

Pressurized Module, Japanese

laboratory module (JEM)

Pressurized Mating Adapter,

r'epMeTH3rapyIottD_

coeJ:_IKI-IH TeJI laHlall'l

a_airrep

Parameters Monitoring Console

(on the Mir)

Pressing Out Collector; static

water separator of the commode;

c6opm_m c 0T2_tH (COT),

(RS)

direction; left-hand side, facing
forward

nopTaTHBHbr_ I_-IH

nepeHOCHbr_

II]_ITIc_BaYI Bona

parts per billion

partial pressure of carbon dioxide

pounds per hour

parts per million, oJ_a qacwb
Ha MHn.rII_OH qacTefi

partial pressure of oxygen

Positive Pressure Relief

Positive Pressure Relief Assem-

bly

xxix



PPU

Progress

PRTD

PRV

psia

psid

psig

PSU

Pt/Co

PTCS

Fro

PU

PVG

PWC

PWS

PWT

Q

QD

R

R&R

RAM

RCA

Portable Pressurization Units; RH

repressurizes the AL in emer-

gency situations (RS) RM

Kopa6_, "YIporpecc" the "

Russian cargo spacecraft, _trm

rpyaonon Kapa6_ (RS) RMI

Platinum Resistance Temperature
Detector

Pressure Release Valve, RMS

KnanaH c6poca _a_-tenn_

pounds per square inch absolute RPCM

pressure, dpKKHW Ha RPDA

KBa,_pa'rnbr_ _mf_M--
na.rtHbr_
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RU
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S
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the pressure integrity of the

docking seals through the TPTV
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Potable Water Containers,
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Boom (KHB) SD

Pressure Warning Sensor (RS)
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quantity

Quick Disconnect, fluid line sec

connectors (USOS)
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records

Removal and Replacement
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SHC

Remote Control Assembly
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xxx
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Remote Power Distribution

Assembly
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Russian Space Agency,
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Russian crew transfer vehicle,
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Solid Phase Acidification (in the

U.S. water quality monitor)
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speaking, the space shuttle

includes the main engines,
external tank, and solid rocket
boosters with the orbiter
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Science Power Platform (RS)

Systems Power Supply Console

_s)
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designation (e.g., SSP 42121)

Space Suit Refilling System (RS)
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STP

STS

SU
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See CWRS
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Temperature Control and Check

Valve (U.S.)
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CI/ICTeMa

"r_pMoper3ryiHpoBai-ii_ KTII,l
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Trace Contaminant Vent (RS),
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Clean water treated with Ag +

biocide (RS)

temperature
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Temperature and Humidity

Control, epr3rrr_Barme
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Total Inorganic Carbon

Technical Interchange Meeting

Temperature Mode Control

System (RS)
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K O2"Il,l'r.,.IeCT BO
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Threshold Odor Number (water

quality parameter), BKyC IlpI, I
20 °C
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system, CHCTeMa

Bbl_e.rleHIL_ _),l_bI I,I3
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BaKyyM water tank
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Vacuum Access Jumper WCUCU

Vapor Compression and Distilla- WM
tion Subassembly for processing
urine, cHc'reMa

WMC
pel-'eHep_ BO_"bI Ha
OCHOBe

napoKoMi_3eccr_oHHO_ WMS-gA

OTHTIYIH_

_KyYI_/_ aTM0CCl_epbI W/O

I,U'I H BeHTe/Ig/II_IH %ArP

BbI6pOC 3a 6OpT

{y_anerme)

Vacuum Exhaust Subsystem WPCP

(USOS)

The space between hatches of WPP
connected modules WR

A duct or hose that connects fluid

lines between modules through WRM

the vestibule

vacuum gauge

waste gas exhaust

Volatile organic Analyzer
(USOS)

Volatile Organic Compounds

BO3_I3rK, COz removal assembly

(RS)

Volatile Removal Assembly; for

water purification, 6noK

y;_anerrm_ newy-q_

BeII_eCTB J_yI_ 0qHCTKH

Bo_i

Vent and Relief Control Valve

(USOS)

Vacuum Resource Subsystem
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Vent and Relief Isolation Valve

COSOS)

Vent and Relief Valve,

_peHa_HbP3 KnanaH

COSOS)

Vacuum Services, CHCTeMa

BaKyy'M (USOS, APM, JEM)

Watt, BaTT

Water Accumulator (RS)

Water Supply Aids--Elektron

Water Supply Aids--Water

Supply

Vent to dispose of waste gases to

space

Bo_a

6aK _rm irrpaHeHrm BO_bI

Water Conditioning Unit (RS)

WCU Columns Assembly (RS)

WCU Column Unit

Waste Management, y_a.nerra_

0TX0]_0B

Waste Management Compart-

ment; commode (RS and USOS)

Waste Management Subsystem-

8A (RS)
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Water Processor, eHcweMa
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B0;_bI (USOS)

Water Procedure Control Panel

(RS)

Water Pump Package (MPLM)
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Water Recovery and Manage-
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WRS-SH

WRS-U

WSA-E

WSA-U
WSA-WR

WSA-WS

WSD
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WT

wt
XFMR
ZAU
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zeolite

4BMS
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gS/cm
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3P/_t or dP/dt
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Subsystem--Sanitary/Hygienic
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adsorption (5A) and as a desic- BPH
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BJI al"0II01"YI 0TH Te.ri b B
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removal device; tie'vbrpe
naTpona c r_eonHTom E_B

(MOneKyn_prmrMl_ CI¢ITaMI,I) I/ii..[_g K

KOI-IH,eHTpaTop
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_'IeKTp0IIpOB0_H0CT_
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]laqlxl3epeml_anl,rloe
{I/136bIT0qI-IOe} ]laBa-lerr_Ie, KTB

pa3I-IOCTb (nepena_) KTO
_laBYzem_

change in time MrI

rate of change in pressure, rIArIC
_CYlhTa _laBaxeI-mn/_enb'r a

BpeMeri_ I-[KH

IIKC

Russian Acronyms
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TECHNICAL MEMORANDUM

LIVING TOGETHER IN SPACE: THE DESIGN AND OPERATION

OF THE LIFE SUPPORT SYSTEMS ON THE

INTERNATIONAL SPACE STATION

CHAPTER h OVERVIEW

1.0 Introduction

The International Space Station (ISS) is an unsur-

passed cooperative venture between the United States and

international partners--which include the Canadian Space

Agency (CSA), European Space Agency (ESA), Italian

Space Agency (ASI), National Space Development
Agency (NASDA)--and the Russian Space Agency

(RSA). In order for the people who operate the equipment

to be able to ensure optimal performance and to respond

to off-nominal or emergency situations it is essential that

the systems in each segment be well understood by all the

partners. Compatibility between the systems must be

assured during design and development. This is espe-

cially true for the Environmental Control and Life

Support (ECLS) Systems (ECLSS). In addition, knowl-

edge of the Russian ECLS technologies (developed

through years of flight experience) can be of great value

to US/international segments ECLSS designers, and

knowledge of the US/international segments ECLS

technologies can be of benefit to the Russian ECLSS

designers.

For these reasons, this report describes the design,

operation, and performance of the different ECLS systems

developed for use on the ISS. This chapter includes a

general description of the ISS and the different segments,

the construction sequence and ECLS capabilities at

significant phases of assembly, the specifications that the

ECLS systems are designed to meet, the interface
connections between the different ECLS systems, the

requirements and design philosophies that affect the

design of the different ECLS systems, and the quality
assurance and reliability factors that affect the design

process. The other two chapters provide more detailed
information about each specific ECLSS and the technolo-

gies used. The Russian ECLSS is discussed in general in

this chapter, and in more detail in Volume II (which has a

restricted distribution).

1.1 Background

Russia has gained extensive experience with long

duration human space flight since the first Salyut space
station was launched in 1971. Almost continuous human

presence in space was provided by a succession of Salyut

stations during the following 2 decades, each having

improvements over the previous ones. In 1986, a new

generation of space stations became operational with the
launch of the Mir, which was designed to have a longer

life and to allow additional pressurized modules to be
attached. Some Russian cosmonauts have lived in space

continuously for more than l yr.

The U.S. experience with long duration human space

flight is more limited, consisting of the Skylab program

that culminated in three missions during 1973 and 1974

of 28, 59, and 84 days, respectively. Since Skylab, the

longest duration U.S. missions have been 17 days, aboard

the space shuttle. With the recent shuttleIMir missions, as

part of ISS Phase 1, American astronauts have lived
aboard Mir for several months each.

As of September 1997, the overall configuration and assignment of responsibilities among the partners are changing. For example, Node 2
and Node 3 (in place of the U.S. Hab) are now the responsibility of Italy, and the centrifuge is now the responsibility of Japan. These
changes, so far, have not included changes to the ECLS hardware. The ECLS functions and the techniques used to perform those functions
are as described in this report.



TheECLSsystemsontheearlySalyut stations were

very similar and relatively simple, using nonregenerable

techniques for most of the life support functions and

relying on resupply of water and oxygen (02) (in the form

of potassium superoxide which also absorbs carbon

dioxide (CO2), although lithium hydroxide (LiOH) was

used to remove about 20 percent of the CO2). With Salyut

4, a water recovery system was added to recover humidity
condensate and waste hygiene water. With Mir, an 02

generation assembly was added which electrolyzes water

to produce 02. Also on Mir, CO2 is removed by a

regenerable technique and vented to space. A device to

recover 02 from CO2 has been developed but has not yet
been used in space.

The ECLSS on Skylab included stored water and 02,

a regenerable molecular sieve for CO2 and humidity
removal (and venting to space), and fire detectors based

on ultraviolet light detection. Trace contaminant removal

was accomplished by depressurizing the habitat between

missions, allowing the pressure to drop to 3.45 kPa

(0.5 psia). The space shuttle uses nonregenerable methods

for almost all ECLSS functions, although a regenerable

CO2 removal device is now being used and other methods
Of reducing expendables to increase the duration of

missions are being developed.

1.2 ISS Mission Scenario

The ISS is designed as a low-Earth-orbit research

laboratory and technology development facility for
materials science, biological, medical, and related

research. It also will serve as a platform for Earth and

astronomical observations. The ISS is designed to have

an operational life of at least 10 yr (the Russian Segment

(RS) operational life is at least 15 yr after the first element

is launched), with the capability for upgrading and

replacing rack-mounted hardware.

The ISS project consists of three phases:

Phase 1 is a series of missions by the U.S. space

shuttle to the Mir as training for ISS assembly
and operation.

Phase 2 is assembly of the ISS to support a three-

person crew.

Phase 3 is completion of ISS assembly and

provides for seven-person permanent habitation,
mature operations, and full international science

capabilities.

The normal crew size is 6 people, although during

crew exchanges there may be as many as 12 people on
board the ISS. The crew capacity is limited by CO2 levels,

not by humidity, 02, or temperature levels. Crew ex-

changes occur at intervals of approximately 90 days.
Supplies are delivered by a Progress cargo vehicle to the

RS and by the Mini-Pressurized Logistics Module

(MPLM) (five resupply missions each year) to the U.S.

On-Orbit Segment (USOS) and the international seg-

ments. The internal operating environment is close to

Earth-normal at sea level; the pressure is near 101.3 kPa

(l 4.7 psia), and the atmosphere composition is approxi-

mately 79 percent nitrogen (N2) and21 percent 02 (by
volume for dry air).

During the construction period, the RS has the

capability for waste processing and water purification

before the U.S./international segments and for that period
of time supports the entire ISS for those functions. Also

during that period, the Russians provide 02 and N2 for

metabolic consumption and leakage. The United States
provides makeup gases for aidock (AL) losses.



2.0 Description of the ISS

and the ECLS Systems

The ISS consists of modules and components being

developed by a consortium of space agencies. The overall

configuration is shown in figure 1. The ISS is separated

into two major sections that are connected, but in many

ways are independent: the U.S./international segments

and the RS. The ECLSS for each section operates in-

dependently, as shown schematically in figures 2 and 3.

These figures show the locations of the component ECLS

subsystems. The segments and the sequence of assembly

are described below. (The ECLS capabilities are listed in
table 5 for each ISS element.)

General characteristics include:

• There are no automatic hatch open/close mecha-
nisms on any U.S., Russian, or other interna-
tional partner hatches.

• The fire suppression system is decentralized and

consists of portable fire extinguishers (PFE).

A single failure of equipment is not to propagate
across the RS/USOS interfaces (defined in SSP

42121).

Materials are selected so as to not contaminate

the air; i.e., the materials have minimal

offgassing.

The functions that U.S. designers typically consider

part of the ECLSS are: Atmosphere Revitalization (AR),

Water Recovery and Management (WRM), metabolic

Waste Management (WM), Atmosphere Control and

Supply (ACS), Temperature and Humidity Control

(THC), and Fire Detection and Suppression (FDS). For

the ISS, vacuum resources and exhaust for experiments
are also considered part of the ECLSS.

The Russian ECLSS designers include food storage
and preparation, refrigerators/freezers, extravehicular

activity (EVA) support, whole body cleaning, and

housekeeping as part of the ECLSS. These are generally

considered part of "crew systems" by NASA and, except

for EVA support, are not discussed in this report. Con-

versely, the Russians consider thermal control to be a

separate system. Also, the Russians categorize the ECLS

capabilities somewhat differently than U.S. ECLSS

designers. For example, the Russian category translated

as "sanitary and hygienic equipment" includes the
commode, urinal, hand washers, vacuum cleaner,

and thermal chamber (for whole body cleaning), whereas

the U.S. category "waste management" includes the

commode and urinal only.

2.1 Description of the Russian Segment

and ECLS Capabilities

The RS provides guidance, navigation, and control;

propulsion services; electrical power generation, storage,
distribution, and control; communications and data links

to ground support facilities; ECLS; thermal control and

heat rejection; data processing, storage, and transporta-

tion; housekeeping; personal hygiene; food preparation

and storage; EVA; support payload utilities; robotic

systems; crew and cargo resupply services; delivery and

return of crew, including unplanned crew return capabil-

ity; and research facilities.

The RS consists of the following pressurized modules:

• A module to connect with the USOS and provide

initial essential services--the functional cargo
module (FGB, from the Russian name for the

module)

• A habitation module for three people, nomi-

nally-the Service Module (SM)

• Laboratory modules--Research Modules RM I,
RM2, and RM3

• A Life Support Module (LSM) that can support
up to six people

• A Docking and Stowage Module (DSM)

Logistics resupply modules (Progress, two
versions, one with Rodnik tanks, the other

without Rodnik tanks)

• Crew Transfer Vehicles (CTV) (also referred to

as Assured Crew Return Vehicles (ACRV))

• A module for connecting the other modules--

the Universal Docking Module (UDM)

A module for docking another vehicle--the

Docking Compartment (DC). The DC is also

used as an ALwhen EVA's are performed

Modules that connect the solar arrays and
thermal radiators to the SM--the Scientific-

Power Platforms (SPP-1 (pressurized) and

SPP-2 (unpressurized)).
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In addition, there are solar arrays, thermal radiators,

propulsion equipment, and communications equipment.

These elements are installed over a period of 41/2 yr,

beginning in 1998. The RS, as built, may have some

differences from the description given here due to late

changes in the configuration. For example, there may be
a second LSM due to use of a smaller module than

originally proposed. The types of ECLS equipment used

are expected to be the same as described in this report.

The FGB, shown in figure 4, is the first element

placed in position and provides the "foundation" for as-

sembly of the other ISS elements. It also provides reboost
and attitude control until the SM is activated. The FGB

contains systems for propulsion; guidance, navigation,
and control; communications; electrical power; partial life

support functions; and thermal control. After the SM is

activated, the FGB serves as a propellant storage facility.

The ECLSS hardware in the FGB performs the functions
of:

ACS, using a gas analyzer for atmosphere

composition monitoring (to monitor the partial
pressures of 02 (ppO2) and CO2 (ppCO2) and

relative humidity), total pressure sensors, a

pressure gauge, and pressure equalization valves

between compartments that can be actuated

either remotely by the ground or manually by
the crew.

• Temperature control, using fans and heat

exchangers.

FDS, using smoke detectors, PFE, Portable

Breathing Apparatus (PBA) (face masks),

and a fire indicator panel.

Trace contaminant removal from the atmosphere,

using air cleaners (i.e., charcoal filters) that
remove hazardous gases and dust filters (two

in the FGB).

The FGB operates in two modes: (l) unoccupied,

in which pressure monitoring and ventilation occurs

continuously, and (2) docked to the SM. In the unoccu-

pied mode, 02 and CO2 levels are monitored periodically.
When docked to the SM, the FGB relies on the SM for

maintaining the atmospheric quality. The FGB provides

the motive force (blowers) for intermodule ventilation
to the USOS. The flowrate from the SM to the USOS is

70 L/sec (148 cfm) at 1 to 2 mm H20 (0.04 to 0.08 in

H20) pressure head. Prior to activation of the U.S. Hab,

the FGB receives air from the USOS that is slightly low

in 02 and may have some particulates and trace gases.

(The USOS has a trace gas monitor operating in the U.S.
Lab, i.e., the Crew Health Care System's (CHeCS)

Volatile Organic Analyzer (VOA), and a Carbon Dioxide

Removal Assembly (CDRA) and Trace Contaminant

Control Subassembly (TCCS) to remove CO2 and trace
contaminants.)

The largest module is the SM, shown in figure 5,

with a pressurized compartment that is 13.1 m (43.0 ft)
in length by 4.1 m (13.5 ft) internal diameter, with a total

mass of 23,000.0 kg (50,660.8 lb), 2,323.0 kg (5,116.7 lb)

of which is the life support system. The SM serves as the

structural and functional center of the RS, providing

living and working space and supporting communica-
tions, research, and experiments. The SM is the primary

RS element for propulsion; guidance, navigation, and

control; and communications. The SM also provides

initial life support capability for up to six people, and

backup life support capability after the activation of the

LSM. The ECLSS hardware in the SM performs the
functions of:

ACS, using a gas analyzer for atmospheric

composition monitoring (to monitor ppO2,

ppCO2, and relative humidity), total pressure

sensors, a pressure gauge, and pressure equaliza-

tion valves between compartments that can be

actuated either remotely by the ground or

manually by the crew. The SM also provides for

introducing 02 into the atmosphere and detecting

rapid decompression.

THC, using fans and condensing heat exchangers
(CHX) to remove excess moisture from the

atmosphere.

Water storage and distribution to provide water

for potable and hygiene use, and collection and

storage of wastewater for disposal. Condensate

water collected from the CHX's is processed to

potable-quality water. Two Rodnik service water

tanks are mounted in the Assembly Compartment

(AC) outside of the pressurized compartment of
the SM.

AR by removing CO2, using LiOH or regener-
able CO2 sorbents; removing gaseous contami-

nants, using a low-temperature catalytic oxidizer;

and removing airborne particles and microorgan-
isms, using filters. Carbon monoxide (CO)
detection is also considered to be an AR

function.



WM,usingacommodeto collect and dispose
of crew metabolic waste.

EVA support by providing 02 and other ECLS
services.

FDS, using smoke detectors, PFE's, PBA's, and a

fire indicator panel. The master fire panel is also
located in the SM.

The SM also provides backup EVA capability through the

node (or "ball area") which serves as an AL prior to
installation of the DC.

The LSM is 8.2 m (27.0 ft) in length by 2.9 m (9.5 ft)

in diameter. It supplies life support functions that comple-
ment those of the USOS capabilities and the SM, and

provides a greater degree of mass loop closure by

recovering useful products from waste products.

Fan to Cool Flight
Control System

\
Crew TransferArea

Smoke Ventilation Fan SD 5
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The ECLS functions in the LSM consist of 02 supply,

CO2 removal and reduction, trace contaminant control,

atmospheric composition monitoring, water supply from

storage and water recovery from urine, and a thermal
chamber for whole body cleaning. The LSM has two
observation windows.

The DSM provides a location to store potable water,
spare parts, and other supplies.

The RM's provide facilities for science experiments

and materials processing. The ECLS functions consist of

atmospheric pressure measurement, contaminant removal,

temperature measurement and control, atmospheric

circulation, intermodule ventilation, and FDS.

The Universal Docking Module (UDM) provides

ports for attaching the RM's, the LSM, and the DC. The

ECLS functions consist of atmospheric pressure measure-

ment, contaminant removal, temperature measurement

and control, atmospheric circulation, and intermodule

ventilation. Also, the pump used to evacuate the AL and

other EVA support capabilities are provided in the UDM,
which also has a ball area that serves as an AL prior to
installation of the DC.

The CTV is a Soyuz vehicle, a self-contained

spacecraft equipped with basic life support sufficient for
short duration transfers between Earth and low-Earth

orbit; propulsion; guidance, navigation, and control; and

communications capability. The ECLS capabilities

include atmospheric pressure measurement and inter-
module ventilation.

The DC provides a port for docking and serves as an
AL for EVA operations. The ECLS functions consist of

atmospheric pressure measurement, contaminant removal,

temperature measurement and control, atmospheric cir-
culation, and intermodule ventilation. Also, EVA aids and

the valve for evacuating the AL are located in the DC.

Vozdukh and Elektron

Solar BatteryRotation Drive

PassivePart of
Manipulator

Service System Devices
k and Equipment

Waste Storage Tanks

Ergometer // /
CentralControl Post _ Table •

Body Mass
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_1 F GasAnalyzers
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/¢ PotableWater \ // Unit' Processor
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-- Mating Unit /¢ - [

Gyro Plate J I Cycle....J
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FIGURE 5.--RS service module equipment locations.
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TheSPP-Iprovidesapressurizedvolumeforaccess
tothepowersupplyandheatrejectionsystems.TheECLS
functionsconsistof atmospheric pressure measurement,

contaminant removal, temperature measurement and

control, atmospheric circulation, and intermodule ventila-
tion.

The Progress is a cargo vehicle for resupplying dry

cargo, water, propellant, and atmospheric gases. It also

provides reboost capability. The vehicle is 7.23 m (23.7 ft)

in length by 2.5 m (8.2 ft) in diameter. It serves as a carder

of expendable items (such as fluids, filters, and food) and

equipment (such as scientific experiments). The Progress

ECLSS hardware performs the functions of:

Atmospheric supply using tanks for storage of

resupplied atmosphere gases, controlled release

of those gases, and a total pressure sensor to

monitor atmospheric pressure.

• Atmospheric temperature monitoring and
intermodule ventilation.

• Water supply and management using tanks
for storage and delivery of potable water

and disposal of wastewater.

Some U.S.-provided equipment for monitoring the

environment is used on the RS. This equipment includes:

• Charged particle directional spectrometer

• Tissue equivalent proportional counter

• Radiation area monitors

• Surface sampler kit

• Microbial air sampler

• Fungal spore sampler

• Compound specific analyzer for combustion

products

• Water microbiology kit

• Water sampler and archiver

• Crew contamination protection kit.

2.2 Description of the U.S. On-Orbit Segment

and ECLS Capabilities

The USOS provides living quarters for three people;

electrical power generation, storage, distribution, and

control; communications and data links to ground support

facilities; environmental control and life support; thermal

control and heat rejection; data processing, storage, and

transfer; housekeeping; personal hygiene; food prepara-

tion and storage; EVA capability; payload utilities; robotic

systems; crew and cargo resupply services; and research
facilities.

The USOS consists of the following pressurized
modules:

• A laboratory module the Lab

• A habitation module for three people,
nominally the Hab

• Two nodes for connecting the U.S. and
international modules Nodes 1 and 2

• An AL

• Three pressurized mating adapters (PMA)

• A cupola with windows for viewing external
operations, including EVA's and use of the
robotic arm

• A centrifuge module (planned, but not yet
defined).

In addition, there are trusses, solar arrays, thermal

radiators, and communications equipment.

The Lab is about 4.4 m (14.5 ft) in diameter (sized
to fli in the cargo bay of the space shuttle) and 7.3 m

(24.0 ft)kin internal length plus the end cones (total length

is about 8.4 m (27.5 ft)). The Lab provides a facility for
scientific research and commercial applicat_ons_ The Lab

is designed to accommodate equipment that is packaged

in standard "racks" International Standard Payload

Racks (ISPR) that are interchangeable and contains

locations for 24 racks including equipment racks for

essential services such as ECLS, as well as payload racks.

The ECLS functions included in the Lab are: ACS,

THC, AR, FDS, water for payloads, and vacuum service

and gases (N2) for payloads. The interior of the Lab is

designed to have an "up" and "down" orientation. ISPR's

are located on each "wall" the "floor," and the "ceiling."

This is shown in figure 6, a cutaway view of the Lab

interior. The Lab has one 0.51 mm (20 in) diameter
window.

The Hab is the same size as the Lab and provides

living quarters for the crew, including sleeping accommo-

dations, a galleyl recreation facilities, crew health care,

and hygiene facilities. The Hab is also designed to

accommodate equipment packaged in ISPR's. The ECLS

functions included in the Hab are: ACS, THC, AR, FDS,

10



FIGURE6.--Isometric cutaway view of the U.S. Lab ("ISS Reference Guide," 15 March 1994).

WM, and WRM. The interior of the Hab is also designed

to have an "up" and "down" orientation. The Hab has two
windows.

The nodes are the same diameter as the Lab and Hab

but are about 3 m (10 ft) shorter(i.e., 5.5 m (18 ft) in

length). The node exterior and interior design is shown in

figure 7. There are four radial ports and two axial ports

for attaching modules or a PMA. A cupola is attached to

Node 1 so that external operations, including use of the
robotic arm, can be observed and/or controlled from

inside the ISS. Node 1 also serves as a storage location

and contains only a limited amount of powered hardware

for its own operation. Cables and plumbing from other

modules are connected through Node 1. The ECLS
functions consist of intermodule ventilation, intramodule

atmosphere circulation, pressure equalization, total
atmosphere pressure monitoring, FDS, and atmospheric

filtration. Node 2, in addition, contains equipment for

primary-to-secondary power conversion, and has THC

capability, including a CHX. Neither Node 1 nor Node 2

has the capability to respond to rapid decompression.

The PMA's are connectors between the USOS

docking ports and a space shuttle, and between the USOS

and the FGB. The PMA's are environmentally controlled

to accommodate the passage of people and equipment,

and the transfer of utilities. PMA-1, shown in figure 8,
has a duct for inter-module ventilation (IMV). ECLS in

PMA-2 and -3 includes pressure equalization capability

and plumbing to transfer fuel-cell water from a space
shuttle.

The joint AL, shown in figure 9, provides the

capability for EVA's; i.e., depressurization, egress,

ingress, and repressurization. The AL contains the

equipment to perform external operations and consists

of two cylindrical chambers attached end-to-end by a

connecting bulkhead. The larger chamber is the equip-
ment lock and the smaller chamber is the crew lock. As

shown in figure 10, the equipment lock contains the

pressure suits (Extravehicular Mobility Units (EMU)),

maneuvering units, and support equipment necessary to

perform an EVA. The equipment lock is used for equip-

ment storage and transfer, and preparing for EVA mis-
sions. The crew lock is used for egress and ingress of

11
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FIGURE 8. PMA-1.

suited crew members and for transfer of equipment to

and from space. It is also used for storing equipment to

be transferred to or from space and provides a location

to prepare for EVA missions.

In operation, the pressure in both AL chambers is

reduced to 70.33 kPa (10.2 psia) during the "campout"

period prior to an EVA. This allows the N2 level in the

EVA crew members' blood to be safely reduced prior to

use of the EMU pressure suits, which operate at 29.63 kPa

(4.3 psia). To exit the ISS, the atmosphere in the crew lock

is pumped to Node 1. The equipment lock is repressurized

to 101.3 kPa (14.7 psia) by opening the Manual Pressure

Equalization Valve (MPEV) between the equipment lock
and Node 1 (there is no hatch on the AL side). The ECLS

functions support preparation for, performance of, and

recovery from EVA's, and consist ofACS, THC, some

AR, FDS, stored potable water supply, and EVA support.
Potable water is brought to the AL, as needed, to recharge
the EMU's.

The cupola is a controlling workstation that provides

full hemisphere viewing for monitoring the Earth,

celestial objects, exterior ISS surfaces, space shuttle

docking, and EVA's. The cupola is attached to Node 1,

which provides the necessary ECLS functions. No special
ECLS functions are performed in the cupola.

The centrifuge, attached to Node 2, provides a

variable "gravity" ((3) facility for scientific experiments,

primarily biological research. The centrifuge is 2.5 m

(8.2 ft) in diameter with four habitats to support plants

and animals in different gravitational environments, from

0.01 to 2 G. The ECLS functions consist of pressure

equalization capability and FDS. (Details are not pres-

ently available.)
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2.3 Description of the International Segments

and ECLS Capabilities

The international segments consist of:

• The Attached Pressurized Module (APM)

provided by ESA.

The JEM with a Pressurized Module (PM), an

Exposed Facility (EF), an Experiment Logistics

Module-Pressurized Section (ELM-PS), and an

Experiment Logistics Module-Exposed Section

(ELM-ES) provided by NASDA.

• The MPLM provided by ASI.

The JEM and MPLM are shown in figures 11 and 12,

respectively. The APM is similar in appearance to the US

Lab (fig. 6).

The APM (approximately 6.7 m (22.0 ft) in length

and 4.4 m (14.5 ft) in diameter) and the JEM (9.9 m

(32.5 ft) in length and 4.2 m (13.8 ft) in diameter for the

PM, and 4.1 m (13.5 ft) in length and 4.2 m (13.8 ft) in

diameter for the ELM-PS) provide laboratory facilities

for scientific experiments and research, with internally-
mounted ISPR's and externally-mounted pallets exposed

to the space vacuum. The MPLM (6.7 m (21.9 ft) in

length and 4.5 m (14.7 ft) in diameter) is a cargo module

for transporting supplies and replacement ISPR's to the

ISS and for returning ISPR's, waste products, and

manufactured products to Earth. The cargo can either be

passive only, or include cold cargo in refrigerators/
freezers.

The APM, JEM, and MPLM have ventilation ducting
and limited FDS capability, but primarily depend on the
U.S. Lab for the ECLS functions. The ECLSS functions

and features that are common to the APM, JEM, and
MPLM include:

• Atmosphere Control and Supply (ACS)

- Depressurization, vent, and relief

- Repressurization, pressure equalization

- Positive pressure relief

- Negative pressure relief

- Total pressure monitoring and control

• Atmosphere Revitalization (AR)

- Collection and delivery to the USOS of

atmosphere samples for analysis

- Responding to hazardous atmosphere.

• Fire Detection and Suppression (FDS)

- Smoke detection in the potential fire source
locations

- Determining a fire location after its
detection

- Fire suppression using a PFE.

• Temperature and Humidity Control (THC)

- Atmospheric circulation for crew comfort
and to ensure detection of fires

- IMV connection with the USOS

- Atmospheric temperature monitoring

ECLS functions that are present in the APM and JEM

(but not in the MPLM) are vacuum services, supply gases

(gaseous N2) to payloads, atmospheric humidity control,

and control of airborne particulates and microorganisms.

Radiation exposure monitoring is provided by the USOS
CHeCS.
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FIGURE 11.--JEM schematic.
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2.4 Construction of the ISS and the ECLSS

Capabilities During Station Assembly

The assembly of the modules on orbit occurs over a

period of 41/2 yr during Phase 2 (Flights 1A through 6A)

and Phase 3 (Flights UF-I through 19A) of the ISS

assembly. The ECLSS capabilities present during con-
struction are identified in table 1.
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TABLE I.--ECLSS capability buildup by flight (as of April 1997).

Flight

Number

2A

1R

2R

5A

6A

Module

Launch

Date (23)

FGB June1998

Node1, PMA-I, PMA-2 July1998

ServiceModule December1998

soyuz

U.S.Lab

U.S.Laboutfitted

7A Airlock

3R UDM

January1999

May1999

June1999

August1999

December2000

IOA Node2 April2000

1J JEMPM,etc. August2000

16A U.S.Hab October2002

17A Habracks

11R

12R

19A

LifeSupportModule1

LifeSupportModule2

Habracks

November2002

December2002

January2003

111C

(1)

(4)

(6)

(10)

(10)

(10)

(1)

FDS ACS AR

(2) (3) (22)

(2)

(2) (7) (8)

Self-contained,limitedECLSS

(2)

(2)

(5)

(10) (2)

(10) (2)

(10) (2)

(1) (2)

WM W

(11) (12)

(11) (14)

(19) (20)

Plot CRF

(11) (14)

--(18)

InformationNotAvailable

1 I
UF7

1E

(_o)

Centrifuge

ESAAPM

(13)

(13)

(21)

(15)

April 2003 t -[---

October2003 TBD

December2003 (10) I (2) 1 1

(16)

(18)

(17)

(16)

Notes:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

(11)

(12)

(13)

(14)

(15)
(16)

(17)

(16)

(19)

(20)

(21)

(22)

(23)

Nohumiditycontrolis provided,only sensiblecooling(nolatentcooling)(3 HX'sin FGB,2HX'sin UDMandLSM),temperaturesensor.

Smokedetectors,PFE,andbreathingmasks.

Basicatmosphericmonitoring(02, C02,andH20 (deactivatedafterFlight1R),totalandpartialpressure)andpressureequalization.

Atmosphericcirculationfanavailable.

SmokedetectorsandPFE.

Temperatureandhumiditycontrol,equipmentcooling,andCHX's.

Additionof rate-of-pressure-changesensor(andtanksof resupplyair onProgressvehicles).

C02 removal(withLiOHbackup),02generator(withperchloratecandlesasbackup),TCCS,COmonitor.

Processingof humiditycondensateandstorageof water.

THCusinginternalthermalcontrolsystem(ITCS)low-temperaturecoolantloop,IMV.

Totalpressuremonitoring,ventandrelief,02/N2distribution,pressurecontrolassemblies(PCA's).

High-efficiencyparticulateair (HEPA)filters for particulateandmicroorganismcontrol.

Condensatestorageanddistribution.

Additionof ARrack(CDRA,TCCS,andMajorConstituentAnalyzer(MCA)).

Additionof wastehygienewaterprocessorandurineprocessor.

Wastemanagementprovidedby RussianSMorspaceshuttle(whenpresent).

Wastemanagementin theU.S.HabandRussianServiceModule.

C02removal,02generation,TCCS,COmonitor,andSabatier.

Additionof 02/1",I2 tanks.

HEPAfiltersplus LiOHfor C02removalduringcampout.

Additionof USOSpotablewaterprocessorandurineprocessor.

Filtersfor removalof gaseousandparticulatecontaminantsandairbornemicroorganisms.

All datesareapproximate.
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2.4.1 Phase 2--Flights 1A Through 6A

Flight 1A/R

The FGB is the first module launched. Although the

United States provided funds for this module, it is Russian

designed and manufactured and is included in the descrip-

tion of the Russian ECLSS in Volume II of this report.

Onboard atmospheric monitoring is performed via cabin

sensors for monitoring total and partial pressure (via a

gas analyzer for monitoring 02, CO2, and H20). Three

sensible heat exchangers maintain proper atmospheric

temperatures. No latent cooling (humidity removal) is

possible at this stage. Particulate and gaseous atmospheric

contaminants are removed by Contaminant Removal

Filters (CRF) and a Hazardous Contaminants Filter

(HCF). FDS equipment includes smoke detectors, PFE,

and PBA masks. No water recovery or waste management

capability is present at this stage.

Flight 2A

Node 1, PMA-I, and PMA-2 are added with Hight

2A. The ECLSS functions on these components are

limited to fire detection (smoke sensors) and atmospheric

circulation (when power is available) with HEPA filters

for particulate removal. There is no active cooling

capability, however, so these functions are considered

secondary in order to maintain the Remote Power Control

Modules (RPCM) in operation, which are passively

cooled by radiating heat to the structure. Node 1 is
passively cooled from the Lab. The PMA's include

ventilation ducting for exchanging atmosphere with the

RS or the space shuttle to mix atmosphere for maintaining
appropriate 02 and CO2 levels. In addition, PMA-2

includes plumbing for transferring high-pressure O2/N2

gases and fuel-cell water from the space shuttle.

Flight 1R

The Russian SM is installed with Flight 1R, which

adds the capabilities of 02 generation, CO2 removal, trace

contaminant removal, THC, and water processing. The

SM ECLS equipment includes a total pressure sensor for
cabin pressure monitoring; a gas analyzer to detect 02,

CO2, and H20; and an analog pressure gauge, a pressure
alarm sensor, and a rate-of-pressure-change (dP/dt) sensor

to detect loss of atmospheric pressure.

AR hardware includes a Vozdukh CDRA that collects

CO2 and vents it overboard, an Elektron Oxygen Genera-

tion Assembly (OGA) (sized for three people) to provide

metabolic 02 needs, and a low-temperature catalytic

oxidizer and regenerable absorber for trace contaminant

removal. Backup capabilities are provided by LiOH

canisters for CO2 removal, a Solid-Fuel Oxygen Genera-

tor (SFOG) with oxygen perchlorate candles for 02

supply, and CRF's for trace contaminant control.

FDS in the SM is similar to the FDS in the FGB, with

the addition of a master fire indicator panel.

THC maintains appropriate temperature and humidity

levels in the cabin and equipment locations and collects

humidity condensate with CHX's. The condensate is

delivered to the WRM subsystem.

WRM includes a Condensate Water Recovery

Subsystem (CWRS) to produce potable water and two
210 L (7.42 ft 3) Service Water Tanks (SWT) for potable

water storage in the assembly compartment of the SM.
Ten portable 22 L (0.78 ft 3) e_B "bucket" tanks are used

for transporting water and urine within the RS. Unproc-

essed wastewater is stored in portable tanks for disposal

in the Progress or transferred to the SWT on the Progress,

after it is emptied of potable water.

WM includes a commode and urinal that collects

urine in a tank for disposal in the Progress. Other solid

wastes are bagged and disposed of in the Progress.

Flight 2R

The Soyuz brings the first crew to ISS during Flight

2R. There is no significant change in ECLSS capability

with this flight, but the flight does initiate permanent

habitation with a three-person crew. The Soyuz ECLSS

consists of atmospheric cabin pressure monitoring and

ventilation exchange with the SM.

Flight 3R

The UDM is added with Flight 3R. There is no

significant change in ECLSS capability with this flight.

Flights 5A and 6A

The U.S. Lab module is installed with Flight 5A and

is outfitted with additional equipment during Flight 6A,

adding considerable ECLSS capability to the USOS.

During Flight 5A the crew enters Node 1 for the first time,

and the Lab and Node l are occupied after the space

shuttle departs.
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TheLabECLSfunctionsincludetotalpressure
monitoring,vent and relief capability, and O2/N 2 supply

and distribution. The PCA's, to maintain total atmospheric

and oxygen partial pressures, and MPEV's, for module-

to-module pressure equalization, are located in the Lab

endcones. (Cabin pressure maintenance and control is not

possible until Flight 7A when the AL is delivered and

high-pressure O2/N2 gas supply is available.)

At Flight 5A, AR consists of HEPA filters to remove

microorganisms and particulates from the atmosphere.

At Flight 6A, the MPLM delivers the Four-Bed Molecular
Sieve CDRA, the TCCS, and the Major Constituent

Analyzer (MCA). Plumbing for collecting atmosphere

samples for the MCA is pre-integrated into the Lab.

Interface connections are provided to allow installation
of an OGA at a later time.

The FDS capability is similar to that in Node 1,

consisting of two module smoke detectors and two PFE's.
There is one smoke detector in the AR rack, and smoke

detectors can be supported in all 13 payload racks. Each

powered rack has ports for attaching a PFE. An indicator

panel identifies the location of a fire.

The Lab THC is provided with the activation of the

ITCS low-temperature coolant loop. IMV supply and

return ensures atmospheric composition and temperature

control in Node 1 also. IMV can operate when the hatches

are open or closed.

A VS consisting of a Vacuum Exhaust Subsystem

(VES) and a Vacuum Resources Subsystem (VRS) is
incorporated in the Lab, for use when payloads require
a vacuum source.

The WRM function consists of condensate water

storage and distribution, and fuel cell water distribution.

(The transfer of fuel-cell water from the space shuttle is

performed after the Hab is activated.) Two vents in the

forward endcone are available for expelling excess
wastewater.

No capability for WM is provided at this time in the

USOS. WM capability and potable water are provided

from the Russian SM. Interface connections are provided
in the Lab to add WRM and WM at a later time, if

desired.

2.4.2 Phase 3---Flights 6R Through 18A

Flight 7A

Support for EVA tasks is provided by the space

shuttle through Flight 7A (except for one EVA at the end

of Flight 7A from the joint AL) and afterwards from the

joint AL that is added during Flight 7A. The AL ECLS

capability supports crew campout in the AL for denitro-

genation (8 to 12 hr preceding an EVA) at 70.3 kPa (10.2

psia) and incorporates the distribution plumbing to service
and recharge the EMU's. High-pressure tanks of 02 and

N2 are mounted externally and are connected to the O2/N2

distribution plumbing for maintaining atmospheric pres-
sure and supporting payload requirements. The AL in-

cludes FDS capability and a dedicated CHX/fan package

for THC of the AL atmosphere.

Flight 10A

Node 2 is added during Flight 10A. Node 2 ECLS

capabilities include THC (a cabin air assembly, including

a fan and CHX) and FDS (smoke sensors and PFE's).

The condensate from the CHX is plumbed to the water

processor in the Lab.

Flight 1J

The JEM is installed during Flight 1J. To a large
extent, the JEM relies on the USOS for ECLS functions.

The ECLS functions that are performed in the JEM are

listed in section 2.3. Limited information is presently

available on the methods that are used to provide the
required capabilities.

Flight llR

The LSM is installed during Flight 11R. The LSM

provides atmospheric monitoring and FDS. In addition,

the LSM provides CO2 collection and removal for con-

version of CO2 to water in a Sabatier reactor, integrating

CO2 removal and Oa generation into one unit. The gas-

eous byproducts (methane (CH4) and CO2) are vented to

space. The LSM includes a processor to reclaim water
from urine.
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Flight 1E

The ESA APM is installed during Flight 1E. To a
large extent, the APM relies on the USOS for ECLS

functions. The ECLS functions that are performed in
the APM are listed in section 2.3. Limited information

is presently available on the methods that are used to

provide the required capabilities.

Flight UF7

The centrifuge is added with Flight UF7. The ECLSS
capabilities in the centrifuge include total atmospheric

pressure sensor, THC, IMV, atmosphere composition
monitoring (sample port), FDS (TBD), and a wastewater
return line. No detailed information is available on the

centrifuge ECLSS.

Flights 16A, 17A, and 19A

The U.S. Hab is installed and outfitted during Flights

16A, 17A, and 19A. Flight 19A is the final assembly

flight of the USOS. The Hab includes sleeping

accommodations, a galley, a shower, and a commode.

ECLS capabilities are AR (CO2 removal, 02 generation,
major constituent analysis, and TCCS; the necessary

plumbing and electrical interface connections may also be

available to add CO2 reduction later), ACS, THC, FDS,

WRM (condensate and hygiene waste water and urine

processing), and WM (commode and urinal). The Hab

provides redundancy for those ECLS functions which are

also performed in the Lab. MCA capabilities are the same

as in the Lab, with additional trace contaminant monitor-

ing capability provided by the CHeCS VOA. Trace

contaminants are removed by a TCCS in the Hab or Lab.

THC capability is provided by one common cabin air

assembly (CCAA) in the Hab and two CCAA's in the

Lab. IMV supply and return is provided via a fan and

ducts in each endcone configured so that IMV can occur

when the hatches are open or closed.

The ECLSS equipment installed in the Hab allows

the USOS to be "self-sufficient" with regard to providing

the ECLSS services. There is still some atmosphere

exchange with the RS through the FGB, and so water

transfer may be necessary to maintain mass balances.
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3.0 ISS Segment ECLSS Specifications

For each ISS segment, the capabilities that are

provided are documented in segment specification

documents and in Capability Description Documents

(CDD). The specifications establish the performance,

design, development, and verification requirements for

each segment. The performance requirements of each

segment as a whole are defined, as well as the perfor-

mance requirements of the major components which

comprise each segment. Requirements are based on the

functions to be performed or on constraints with which

the design must comply. The ECLS systems specifications

for each segment are described below.

3.1 ECLSS Performance Requirements

Basic ISS requirements, as well as the specific ECLS

requirements, affect the ECLSS design. General require-

ments include limiting atmospheric leakage for each

module to a maximum of 0.23 kg/day at 101.3 kPa

(0.5 lb/day at 14.7 psia) with a goal of considerably less

leakage (an overall rate of no more than 0.68 kg/day

(1.5 lb/day)). The ECLS requirements are listed in table 2.

The USOS requirements also apply to the JEM, APM,

and MPLM, except where noted otherwise. The metabolic
loads that must be accommodated are listed in table 3.

There are some differences between the U.S. and Russian

requirements and specifications. These are discussed in

the following section.

3.2 Design Philosophies

The basic philosophies of design that are used by the

United States and Russia have some significant differ-
ences that must be understood to ensure that the different

ECLS systems are compatible. In addition, differences in

terminology can lead to confusion. For example, the word

"monitor" may be translated into Russian as "control"

when the intended meaning is "measure."

For example, the U.S. approach to ensuring that a

capability is provided tends toward using redundant

equipment, i.e., having two identical units with one used

only in an emergency or operating both at less than their

full capability. This leads to having two CO2 removal
units, for example, with one in the Hab and one in the

Lab, each of which can accommodate the entire normal

load. There are exceptions to this approach, e.g., there is

only one water processor and one commode. In compari-
son, the Russian approach is to have an alternative backup

rather than a redundant unit, e.g., for oxygen supply if the

Elektron O2 generator fails, the backup is the SFOG and

stored 02 (gas, liquid, or solid form) for use until a
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replacement unit is delivered. This method works because

of the regular resupply missions. Again, there are excep-
tions, e.g., there are two fans in the FGB, one of which is

for redundancy.

The basic design philosophy used for designing the

U.S. ECLS system includes:

Minimize the use of expendable materials by

using regenerable methods where feasible, e.g.,

for CO2 removal, urine processing, etc.

Recover as much mass as possible (i.e., close

the mass loops) when cost effective, e.g.,

recovery of the atmospheric moisture during

CO2 removal.

Minimize the amount of redundancy required

(i.e., during assembly by adjusting the installa-

tion sequence, by appropriate planning of

operations, or by relying on the RS to provide

redundancy).

• Design for minimum risk of failure of mecha-

nisms, structures, pressure vessels, materials, etc.

The failure tolerance for many of the ECLSS
functions is zero (i.e., the function is lost when the

equipment fails) at the module level. Exceptions to this
are intermodule ventilation and intramodule ventilation,

heat collection and distribution, and response to hazard-

ous atmosphere, which must be single-failure tolerant.

However, for the complete ISS, there is redundancy for
critical functions.

Another example of the effect of different philoso-

phies is the design of the OGA. The United States and

Russia both use electrolysis of water as the basic tech-

nique, but there are significant design differences. The

U.S. approach is to design hardware to be serviceable, so

components are designed as orbital replaceable units

(ORU) and are accessible for replacement. Safety

concerns due to the presence of hydrogen (H2) as an

electrolysis byproduct were dealt with by ensuring that

the quantities of combustible gases present are negligible.

The Russian approach does not require that components

be individually replaceable. They also use a different

approach to ensuring safety. As a result, for their OGA the

electrolyzer was placed inside a pressurized N2 jacket so

that any leakage is into the electrolyzer. Also, when the
OGA is turned off, the N2 flushes 02 and H2 from the

lines. This design precludes the possibility of any leakage

of hazardous gases to the atmosphere, but individual

components are not accessible for replacement.



Asaresultofthedifferences in design philosophy,

integrating the Russian and U.S. ECLS systems must be

done carefully. The equipment developed by the different

approaches may not be compatible without some modifi-
cation. Table 4 lists differences and similarities in the

design philosophies of the U.S. and Russian ECLS

designers.

TABLE2.---General ECLSS design requirements.

Parameter

TotalPressure

TotalPressureMonitoring

ppCO2 (1)

ppC02Monitoring

pp02

pp02 Monitoring

ppN2

RelativeHumidity

RelativeHumidityMonitoring

AtmosphericTemperature(3)

AtmosphericTemperature
Monitoring

Dewpoint

IntramoduleCirculation

U.S. ECLSRequirements
Range

(Metric Units)

97.9to 102.7kPa

(95.8min)

Oto110.6kPa

0.705to 1.011kPa

(5.3to 7.6mmHg)
(0.705kPanormal

24hraverage)

0 to 2.0kPa(15.0mmHg)

19.5to 23.1kPa

(146to 173mmHg)

0 to 40 kPa

< 80kPa

25 to 70%

Notmonitored

17.8to 26.7°C

15.6to 32.2°C + 1.8°C

4.4to 15.6°C

0.051to 0.20m/sec

(0.036to 1.02m/sec,
lowerandupperlimits)

I Range(U.S. Units)

14.2to 14.9 psia
(13.9min)

Oto16.0psia

0.102 to 0.147psia

(0.102psiaaverage)

0to 0.29psia
+1% FS

2.83to 3.35 psia

0 to 5.8 psia

< 11.6psia

25 to 70%

Notmonitored

65 to 80°F

60 to 90°F ±10F

40 to 60 °F

10 to 40 fpm
(7 and200fpm,

lowerandupperlimits)

RussianECLSRequirements
Range

(Metric Units)

79.9to 114.4kPa

(93.0normalmin)

1to 1,000mmHg

5.3mmHgup to 3 people
7.6mmHgup to 5 people

4.5mmHgavg.

0 to 25mmHg

19.5to 23.1kPa

(146to 173mmHg)

< 80kPa(< 600mmHg)

1 to 35mmHg
(±1.5mmHgaccuracy)

18 to 28°C

4.4to 15.6°C

0.05to 0.20 mlsec

Range
(U.S. Units)

11.6to 16.6psia(4)
(13.5normalmin)

0.02to 19.4 psia

0.102psia
0.147psia

0.08 psiaavg.

0 to 0.48psia

2.83to 3.35psia

< 11.6psia

30 to 70%

1to 35mmHg
(±1.5mmHgaccuracy)

64.4to 82 °F

40 to 60°F

9.8to 39.4fpm

lntermoduleVentilation 66± 2.4L/sec 140± 5 cfm 60 to 70 L/sec 127to 148cfm

FireSuppressionpp02 Level 10.5% 10.5%

< 0.15mg/m3ParticulateConcentration

(0.5 to 100mmdiameter)

Temperatureof Surfaces

Average< 0.05mglm3
Peak< 1.0mg/m3

< 0.I5 mglm3

> Dewpoint

<100,000particles/ff3
<2,000,000particles/ft3

39OF< touch

temperature< 113°F
114to 120°F is acceptable

formomentarycontact

4 °C < touch

temperature< 45 °C
46 to 49 °C is acceptable

for momentarycontact

Atm0sphedc Leakagei2) .......

perModule
Max.of 0.23kglday

at101.3 kPa
0.5 Ib/day

at 14.7psia

> Dewpoint

< 0.02kg/day I < 0.009 Ib/day

(Pressurenotspecified;
assume101.3kPa)

Notes:

(1) DuringcrewexchangesthemaximumdailyaverageppCO2is 1.01kPa(7.6 mmHg),witha peakof upto 1.33kPa(10 mmHg).
(2) Totalatmosphericleakageis to be lessthan0.68kg/day(1.5 Ib/day),althoughtheabilityto accommodate2.04kg/day(4.5 Ib/day)leakageis to bepresent.
(3) ForNode1,thecupola,andtheMPLM,therequirementis 17.8to 29.4°C (65to 85°F) sincethesemodulesdo nothavea CCAA.
(4) TheRStotalpressurerequirementencompassestheUSOSrequirement.SincetheUSOScontrolsthetotalatmosphericpressure,thetotalpressurewill

meettheUSOSrequirement.
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TABLE3.--Metabofic design loads.

Parameter

Crew02 Consumption

Experiment02Consumption

U.S. ECLSLoads
StandardValue

0.84kglpersonlday
1.84Ib/person/day

120g/day
0.26 Ib/day

Animal02Consumption 1.08kg/day
2.38Ib/day

CrewHeatLoads 137W/person

ExperimentalAnimals
HeatLoads(1)

Crew-GeneratedMoisture

Animal-GeneratedMoisture(1)

CrewWaterConsumption

CrewHygieneWaterUsage

6W

1.82kg/day/person
4.01 Ib/day/person

136g
0.30lb

2.8kg/day/person
6.2]b/day/person

6.8kg/day/person
15.0Ib/day/person

CrewUrineProduction 1.56kg/day/person
3.43/b/day/person

MicrobialGenerationRate

ParticulateGenerationRate

CrewC02GenerationRate

AnimalC02GenerationRate(1)

Notes:

(1)
(2)

3,000CFU/person/min

1 x 10g pcs/person/day

1.00kg/person/day
2.20Ib/person/day

136g/day
0.30 Ib/day

1 Range

0.49to 1.25
1.08to 2.76

TBD
TBD

TBD

TBD

0.87to 4.30
1.92to 9.48

TBD
TBD

Upto5.15
Upto 11.35

Upto 7.3
Upto 16.0

Upto 2.0
Upto 4.4

N/A

N/A

0.52to 1.50
1.14to 3.30

TBD
TBD

RussianECLSLoads

Standard Value I Range

0.86kglday/person
1.89Ib/day/person

2.5 L/day/person
5.5 Ib/day/person

1.1 kg/day/person(SMonly)
2.42Ib/day/person(SMonly)

4.53 kg/day/person(SMandLSM)
9.96 Ib/day/person(SMandLSM)

1.2kg/day/person
2.64 Ib/day/person

1.00kg/day/person(2)
2.20Ib/day/person

Thesevaluesarefor 72 rodents.Upto 72 rodents(oranequivalentmetabolicload)maybeaccommodated.
TheC02generationrateis basedon C02releasesof 13.5L/hr duringsleep,18.7L/hr duringlight work,and72L/hr duringexercise
(O006A4a,p.26).
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TABLE4.mECLS philosophy differences and similarities.

Trace Contaminant

Detection/ControlBefore Entry

Trace ContaminantRemoval

Trace Contaminant6eneraUon

SMACLevel Selection

Russian

Nocapabilityto verifycleanair prior to
enteringamodule.For theFGBandSM,a
specialtilter is activated2 dayspriorto
first entry.Othermodulesarepurged
prior to launchandattachedbefore
offgassingcontaminatestheatmosphere.

Tracecontaminantremovalequipment
sizingconsidersthatatmospheric
contaminantsareremovedby the
humiditycontrolassemblyanddue
toatmosphericleakageto space.

Generationratepredictionis based
onthesurfaceareaof materials.

SMAClevelsarebasedon thecapabilities
of theavailableTCCStechnologies,
aswell ashealthreasons.

U.S.

SamplesmaybecollectedthroughtheMPEV
andanalyzedbeforeopeningthehatchby
CHeCSinstrumentation.Node1 hasfilters
to removecontaminantsprior to ingress.

Tracecontaminantremovalequipment
sizingdoesnotconsiderotherwaysin
whichatmosphericcontaminantsare
removed.Thereforethedesignis
conservative.

Generationratepredictionis basedon
themassof nonmetallicmaterials.

SMAClevelsarebasedon thebest

informationavailableconcerning
possiblehealthimpactsof contaminants.

(Note:A resultof this differentapproachis thatRussianSMACvaluestendto besmallerthanU.S.SMACvalues.TheU.S.TCCSequipmentis capable,
however,of maintainingconcentrationswell belowtheSMACvaluesfor mostcompounds.)

Failure Tolerance

Responseto Rapid Decompression

Internal Hatches

Intermodule Ventilation

Fire Protection

EmergencyEquipment
4reathing Masks

OverallWater Recovery
Architecture

Water Quality Measurement

Biocide in Water

For repairablesystemstherecouldbemany
failureswithno long-termlossof function.
Lossof onelegof redundancydoesnot
meanthata systemhasfailed.

Protectfromrapiddepressurization
ratherthandesignfor depressurization.

Operablefromtheinsideonly (EVAhatch
andProgresscargohatch).

Drag-throughductsthatmustbedisconnected
beforethehatchescanbeclosed.

Nonflammableor slow-burningmaterials
areusedwherepossible.Smokedetectors
andPFE'sareprovided.

Emergencymaskgenerates02bychemical
reactionof CO 2 andwatervaporwith
thematerialin themask.

Separaterecoveryof condensate,waste
hygiene,andurinewater;recoveredcondensate
reservedforpotableuse;recoveredurine
reservedforelectrolysis.

On-linemeasurementof conductivityonly.
Off-linemeasurementof samples
returnedto Earth.

Specifiedforeachfunctionandsystem.
ECLSfunctionsarezero-orone-failure
tolerant.One-failure-toleranthardware
requiresa redundantfunctionalpath.

Designfor depressurization,aswellas
protectfromdepressurization.

All hatchesoperablefrombothsides
(exceptfortheAL hatch).

HardductsthatallowIMV
withthehatchesclosed.

Nonflammableorslow-burningmaterials
areusedwherepossible.Smokedetectors
andPFE'sareprovided.

Emergencymaskhasa supplyof
gaseous02.

Recoveredurinewateris combinedwith
allotherwastewatersandprocessedto
potablespecificationfor reuseinall
applications.

On-linemeasurementofconductivity,pH,
iodine,andTOG.Off-linemeasurementof
microorganisms,TOC,andspecificions.

(Note:Thereis an integrationconcernthatif thewatersaremixed,Agl2wouldprecipitateout,removingbiocideactivityandpotentiallyclogginglines.)
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TABLE4.--ECLS philosophy differences and similarities (continued).

Metabolic DesignRequirements

OxygenConcentration

OxygenSupply

COzPartial Pressure

Russian U,S.

02 Consumption:
0.86kg/day/person(1.89Ib/day/person)
CO2Production:
1.00kg/day/person(2.20tb/day/person)

Materialsmustbecompatiblewith40% pp02.

DuringNormal Operation:
100%generatedbyelectrolysis
DuringCrew Exchangeor Other
Off-NominalCondition:

75%generatedbyelectrolysisand
25%fromperchlorateorothersource.

5.3 mmHg(0.10psia)witha
maximum7.6mmHg(0.147psia).

02 Consumption:
0.84 kg/day/person(1.84Ib/day/person)
C02 Production:
1.00 kg/day/person(2.20lb/day/person)

Materialsmustbecompatiblewith24.1%
pp02(exceptfortheAL,wherethemaximum
is 30% pp02).

Initial Operation:
Suppliedby RSorshuttle

After the HabOGAis Operating:
100% is generatedbyelectrolysis.
(02 for EVA'sis resuppliedfromthe
spaceshuttlein tanks.)

Seefigure93.

(Note:Duringcrewexchange,thespecificationsallow7.6mmHgwithpeaksto 9.9mmHg.)

HumidityRemoval

Operating Pressure

Crew Accommodation

Moistureis removedfromtheatmosphere
asnecessary.Temperaturecontroland
humidityremovalareseparatefunctions.

79.9to 114.4kPa(11.6to 16.6psia)
93.0kPa(13.5psia)normalminimum.
(Inoperation,theRStotalpressurematchestheUSOS.)

With theSM,threepeoplenormallywith
up to five duringcrewexchange.
Afteractivationof theLSM,six people
normallywithTBDduringcrewexchange.

Moistureis removedfromtheatmosphere
continuouslyTemperaturecontroland
humidity removalareperformedby
thesamedevice.

97.9to 102.7kPa(14.2to 14.9psia)
95.8kPa(13.9psia)normalminimum.

AftertheHabis activated,six people
normally,andTBDduringcrewexchange
(includesspaceshuttleandJEM/APM).

EVAAtmosphere Priorto activationof theDM,ventingof Recoveryof atmospherein theAL
atmospherein theAL for EVA. prior to EVA.
Afteractivationof theDM,recoveryof
atmosphereintheAL prior to EVA.

EVASuits 36.5 kPa(5.3 psia). 29.66kPa(4.3psia).

ShowerWater Usage One10L (0.35 tt3, 22 Ib)shower 5.5L (0.19ft3, 12 Ib)shower
perpersoneachweek. every2 daysperperson.

FoodSupply Almostall foodis dehydratedand
requirespotablewaterto rehydrate.

Mineralsareaddedto theprocessedcondensate
water,whichaddflavorandprovideapH-balanced
water.

Potable Water

Hardware Location Whenpossible,hardwareitemsperformingrelated
or connectedfunctionsarelocatedin thesame

moduleto avoidtheneedto plumbfluids
betweenmodules.

Dietincludesmoistfood,whichprovides
a sourceof waterto thesystem.

Noadditivesto thepotablewater.

Whenpossible,hardwareitemsperforming
relatedor connectedfunctions

arelocatedinthesamemodule,however,
fluids areplumbedbetweenmodules.

Hardware Maintenance Componentsarereplacedafterfailureor basedon Componentsarereplacedafterfailure
statisticalexpectationof failure, or,for limitedlife items,onascheduledbasis.
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Another difference relates to identifying and correct-

ing problems. During normal station operations, the

Russians maintain an identical system on the ground

operating concurrently with the flight unit. This approach

allows for hardware problems to be anticipated and

corrective actions to be implemented before a problem

develops on orbit, since the ground unit begins operation

before the flight unit. An additional new unit is kept on

the ground, and it is assumed that it would replace the

flight unit if that unit failed and was not repairable on

orbit. The United States does not have such a duplicate
of the USOS.

3.3 ISS ECLS Capabilities

The ECLS capabilities are described in this report as

shown in table 5. This lists the capabilities as they are

described in the segment specifications. There is some

variation between the segment specifications, but table 5

is comprehensive. More detail is provided in chapters 2

and 3, and in Volume II (distribution restricted to Govern-

mental agencies) of this report.

TABLE &mISS ECLS capabilities.

Ags

• ControlTotalAtmosphericPressure
- MonitorTotalAtmosphericPressure
- IntroduceNitrogen

• ControlOxygenPartialPressure
- MonitorOxygenPartialPressure
- IntroduceOxygen

• RelieveOverpressure
• EqualizePressure
• RespondtoRapidDecompression

- DetectRapidDecompression
- RecoverFrom RapidDecompression

• Respondto HazardousAtmosphere
- DetectHazardousAtmosphere
- RemoveHazardousAtmosphere
- RecoverFromHazardousAtmosphere

111C

• ControlAtmosphericTemperature
- MonitorAtmosphericTemperature
- RemoveAtmosphericHeat

• ControlAtmosphericMoisture
- MonitorHumidity
- RemoveAtmosphericMoisture
- Disposeof RemovedMoisture

• CirculateAtmosphere:Intramodule
• CirculateAtmosphere:lntermodule

AR

• ControlC02
- MonitorC02
- RemoveC02
- DisposeofC02

• ControlGaseousContaminants
- MonitorGaseousContaminants
- RemoveGaseousContaminants

- Disposeof GaseousContaminants
• ControlAirborneParticulateContaminants

- RemoveAirborneParticulateContaminants

- Disposeof AirborneParticulate
Contaminants

• ControlAirborneMicrobialGrowth

- RemoveAirborneMicroorganisms

- Disposeof AirborneMicroorganisms

RS

4

-,/
4
.q
4

USOS

4
.q
-,/

.,/

X
4
4
4
4

.,/
4
,/

q
4
.,/

JEM

4
N/A(1)

,/
N/A(1)

q
q

N/A(1)
q (6)

N/A

q (7)
q (2)
4 (2)

.,/
",I(5)

N/A(_)

4 (4)
4 (5)

N/A(1)

APM

,/

NIA(1)

q
N/A(1)

q
q

N/A(1)
_/(6)

-,/
.,/
q

-q
.q

N/A
-q

4 (7)
_/(2)
4 (2)

4
-,/(5)

NIA(1)

-,,/(4)
4 (5)

N/A(1)

MPLM

.q
N/A(1)

N/A(1)
N/A(1)
",J(3)

.,/

N/A(1)
-,I(6)

N/A(1)
N/A(1)

N/A
N/A(1)
N/A(1)
_/(2)
",/(2)

N/A(1)
4 (5)

N/A(1)

4 (4)
4 (5)

N/A(1)

N/A

N/A

N/A

N/A
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TABLE 5.---ISS ECLS capabilities (continued).

FDS

• RespondtoFire
- Detecta FireEvent
- IsolateFire ControlZone

- ExtinguishFire
- RecoverFroma Fire

(5)
(6)
(7)
(8)

WM

• AccommodateCrewHygieneandWastes

USOS JEM

WRM
• ProvideWaterfor CrewUse

- MonitorWaterQuality
- SupplyPotableWater
- SupplyHygieneWater
- ProcessWastewater

• SupplyWaterfor Payloads

I/S

SupplyVacuumServicesto UserPayloads
- ProvideVacuumExhaust
- ProvideVacuumResource

EVASupport
• SupportDenitrogenation

- SupportIn-SuitPrebreathe
- SupportCampoutPrebreathe

• SupportServiceAndCheckout
- ProvideWater

- ProvideOxygen
- ProvideIn-SuitPurge

• SupportStationEgress
- EvacuateAirlock

• SupportStationIngress
- AcceptWastewater

Other

• Distributegasesto userpayloads

4

N/A
N/A

V

.q

N/A

q
q
q
q
q

4

.4

.4
q
4
q

N/A

N/A
N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A

APM

N/A

N/A
N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A

MPLM

-4
q
.4

N/A

q (8)

N/A
N/A
N/A
N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A

N/A N/A N/A

q .4 N/A

Notes:

'4 indicatesthata capabilityis provided.
X indicatesthata capabilityis notprovided.
N/A indicatesthatacapabilityrequirementdoesnotapplyto this segment
(1) Thiscapabilityis providedbytheUSOS.
(2) Thiscapabilityis performedusingthesamemethodasthatof theUSOS.
(3) TheMPLMcapabilityto relieveoverpressureis disabledwhentheMPLMis attachedto theUSOS.
(4) Gaseouscontaminants(includingH2andCH4)aremonitoredin theUSOSwithsamplesprovidedviatheSampleDeliverySystem(SDS)fromtheAPM,

JEM,andMPLM

C02andgaseouscontaminantsareremovedby IMVwith theUSOS,wheretheCDRAandTCCSarelocated.
Recoveryfromdecompressionis by pressureequalizationwith Node2 (fortheAPMandMPLM),or by02andN2suppliedfromtheUSOS(fortheJEM).
Moisturethatis collectedfromtheCHXis delivered,viatubing,to theUSOSwaterprocessor(WP).
Wastesarereturnedto Earthin theMPLM
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3.3.1 RS ECLS Capabilities

The specified RS ECLSS capabilities are listed below:

Control Total Atmospheric Pressure

The atmospheric total pressure is manually monitored

over the range of 0 to 960 mmHg (0.0 to 18.5 psia) with

an accuracy of ±2 mmHg (0.04 psia). The atmospheric

total pressure is automatically monitored over the range

of 1 to 1,000 mmHg (0.02 to 19.4 psia) with an accuracy

of ±30 mmHg (0.58 psia). The total pressure is maintained

between 734 and 770 mmHg (14.2 and 14.9 psia) with a

minimum pressure of 700 mmHg (13.5 psia). N2 is added

to replenish losses, but the ppN2 is maintained below

600 mmHg (11.6 psia). The cargo vehicle has the capabil-

ity to introduce atmospheric gases (nitrogen, oxygen, or

air) into the habitat to maintain the atmospheric pressure.

Control Oxygen Partial Pressure

The ppO2 is monitored over a range of 0 to 300 mmHg

(0 to 5.8 psia) with an accuracy of ±12 mmHg (0.23 psia).

The ppO2 is maintained between 146 an 173 mmHg

(2.83 and 3.35 psia) with a maximum concentration of

24.8 percent by volume. Oxygen is added at a rate of

0.86 kg/person/day (1.89 lb/person/day) for three people

during normal operations and six people during crew

transfer operations.

Relieve Overpressure

The total pressure is maintained below the maximum

allowable design pressure for the ISS, the maximum

allowable design pressure is 104.7 kPa (15.2 psia,

786 mmHg). The RS modules are designed to accom-

modate pressures as high as 128.8 kPa (18.7 psia,

970 mmHg).

Equalize Pressure

The pressure differential between adjacent, isolated

volumes at 775 mmHg (15.0 psia) and 740 mmHg

(14.3 psia) can be equalized to less than 0.5 mmHg

(0.01 psia) within 3 min.

Control Atmospheric Temperature

The atmospheric temperature is monitored over the

range of 15.5 to 32.2 °C (60 to 90 °F) with an accuracy

of ±1 °C (2 °F). The atmospheric temperature in the cabin

aisleway is maintained within the range of 18 to 28 °C

(64 to 82 °F) and within ±1.5 °C (3 °F) of the selected

temperature.

Control Atmospheric Moisture

The atmospheric relative humidity in the cabin

aisleway is maintained within the range of 30 to

70 percent, the dewpoint within the range of 4.4 to
15.6 °C (40 to 60 °F), and the water vapor pressure is

monitored over a range of 1 to 35 mmHg (0.02 to

0.68 psia) with an accuracy of ±1.5 mmHg (0.029 psia).

For the Soyuz, while attached to the ISS, the dewpoint
is maintained in the range of 4.4 to 14.0 °C (40 to 57 oF).

Moisture removed as humidity condensate is deliv-

ered at an average rate of 1.5 kg/person/day (3.3 lb/

person/day) to the SM water processor.

Circulate Atmosphere Intramodule

The effective atmospheric velocity in the FGB cabin

aisleway is maintained within the range of 0.05 to
0.2 m/sec (10 to 40 fpm). The effective atmospheric

velocity pertains to the time-averaged velocity in the

cabin, using averages over time periods sufficient to

achieve stability. Two-thirds of the local velocity mea-

surements are within the design range, with a minimum

velocity of 0.036 m/sec (7.1 fpm) and a maximum

velocity of 1.02 m/sec (200 fpm). Atmospheric velocities

within 15 cm (6 in) of the cabin interior surfaces are not
considered.

Circulate Atmosphere Interrnodule

The SM exchanges atmosphere with the USOS at

a rate of 60 to 70 L/sec (127 to 148 cfm).

Respond to Fire

Fire safety criteria are shown in figure 13. Isolation
of the fire (by removal of power and forced ventilation in

the affected location) will occur within 30 sec of detec-
tion. Detection of a fire will initiate a Class I alarm and a

visual indication of the fire event will be activated. Forced

ventilation between modules will stop within 30 sec of
annunciation of a Class I fire alarm. PBA's and PFE's are

provided.

Fires will be suppressed using PFE's within 1 min

of suppressant discharge. The capability to restore the
habitable environment after a fire event is present.

Respond to Rapid Decompression

A decompression of more than 90 mmHg per hr

(1.74 psi per hr) will be detected and a Class I alarm will
be activated when such a decompression rate is detected.
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Respond to Hazardous Atmosphere Control CO2

PBA's (breathing masks) with a 15-min supply

of 02 (generated by chemical reaction from CO2 and

water vapor) are provided for each crew member. The

FGB provides such capability for three people.

Accommodate Crew Hygiene and Wastes

Facilities are provided for personal hygiene and

collection, processing, and disposal of crew metabolic

waste. The wastes include menstrual discharge and
associated absorbent material; emesis; fecal solids,

liquids, gases, and particulates; urine and associated

consumable material; soap, expectorants, hair, nail
trimmings, and hygiene water; and crew wastes collected

during EVA's. Facilities are provided for personal groom-

ing, including skin care, shaving, hair grooming, and nail

trimming. Simultaneous whole body skin and hair clean-
ing are accommodated.

The atmospheric ppCO2 is maintained at a maximum

daily average of 4.50 mmHg (0.08 psia), with peak levels
no greater than 7.60 mmHg (0.147 psia). CO2 is removed

and disposed of at an average rate of 0.96 kg/persordday

(2.12 Ib/person/day) for three people during normal

operations and six people during crew exchanges. The
ppCO2 level is monitored over a range of 0.00 to

25.00 mmHg (0.00 to 0.48 psia) with an accuracy
of +2.00 mmHg (0.038 psia).

Control Gaseous Contaminants

Atmospheric trace gas contaminants that are gener-

ated during normal operations are maintained at levels

below the Maximum Allowable Concentration (MAC)

levels. The removed gases are discarded. The MAC levels
are listed in table 6. Provisions are made to accom-modate

the U.S. air monitoring equipment according to SSP
50065, the CHeCS to RS ICD.

J Fire Risk

Location J-"

V>O

No

No

Yes

V=O

Fire Safetyis Assured J_-- by Passive Measures

Fire Safety is Assured

by Passive Measures
and Built-in Fire Safety
Aids

_ T

FIGURE 13.--RS fire safety criteria (0006A8a, p. 17).
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TABLE6.--Russian allowable concentrations of gaseous contaminants.

Chemical

Acetaldehyde

AceticAcid(FattyAcid)
Acetone

Ammonia

Benzene

1-Butanol

N-ButylAcetate
CarbonMonoxide

Cyclohexane
1,2-Dichloroethane

Ethanol

Ethylacetate

Ethyleneglycol

Formaldehyde

Heptane

Hydrocarbon(TotalC)

Hydrogen(%/vol)

HydrogenFluoride

HydrogenSulfide

Isopropylbenzene

Methane(%/vol)
Methanol

MethylEthylKetone
NitricOxide

Octane

Phenol

Styrene
Toluene

Xylenes(m-, o-, orp-)

15 Days 30 Days

10.0 3.0
5.0 3.0

5.0 2.0

10.0 10.0

100.0

100.0 50.O

0.5 0.5

Control Airborne Particulate Contaminants

The daily average concentration of airborne particu-

lates is limited to less than 0.15 mg/m 3 for particles from
0.5 to 300 microns in size.

Control Airborne Microbial Growth

The daily average concentration of airborne micro-

organisms is limited to less than 1,000 CFU/m 3.

(Present Russian capabilities can limit airborne microbes
to 500 CFU/m 3 for bacteria and to less than 100 CFU/m 3

for fungi.) Microbial monitoring is performed using U.S.

and Russian equipment.

Provide Water for Crew Use

An average of 2.5 kg/person/day (5.5 Ib/person/day)

of potable water is provided for six people for food

60 Days

1.0

1.0

2.0

10.0

50.0

0.5

Allowable concentration (mg/ms)
for Potential ExposurePeriod

90 Days

1.0

1.0

1.0

10.0

4,0

50.0

0.5

1811Days 360 DaN
- 1.0

0.5 0.5

1.0 1.0

1.0 1.0

0.2 0.2

- 0.8

- 2.0

5.0 5.0

- 3.0

- 0.5

- 10.0

4.0 4.0

- 0.05

- 10.0

20.0 20.0

- 2.0

- 0.01

- 0.5

- 0.25
0.5 0.5

- 0.2

- 0.25

- 0.1

- 10.0

- 0.1

- 0.25

- 8.0

- 5.0

rehydration, consumption, and oral hygiene. The SM

provides an average of 1.1 kg/person/day (2.42 lb/person/

day) of hygiene water for three people. After activation of

the LSM, the LSM and SM combined provide an average

of 4.53 kg/person/day (9.96 Ib/person/day) of hygiene

water. The qualities of the waters meet the specifications
defined in the "System Specification for the International

Space Station," SSP41000E, 3 July 1996.

Humidity condensate is processed to potable water

quality. Urine is collected and disposed of at an average
rate of 1.2 kg/person/day (2.64 lb/person/day). This

function is performed in the SM until the LSM is acti-

vated. After activation of the LSM, urine is processed

and provided to the Elektron to produce breathing

oxygen.

To monitor the water quality, the SM accommodates

U.S. provided water monitoring equipment, according to
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SSP50065,theCHeCStoRSICD. Sample ports for

manual collection of water samples are provided to

facilitate off-line monitoring and analysis of processed

water, and for archiving of water samples.

Support Station Ingress

The DC supports the controlled, tethered entry into

the RS by a person in a pressurized spacesuit. The DC

supports repressurization from vacuum to the RS atmos-

pheric pressure at a nominal repressurization rate of

5 mmHg per sec. The maximum emergency repress-

urization rate is l0 mmHg per sec. In the event of an

emergency during an EVA, an unimpaired crew member
can reenter the AL within 30 min.

Distribute Gases to User Payloads

This capability is not presently required on the RS.

3.3.2 USOS ECLS Capabilities

The USOS ECLSS maintains the required atmos-

pheric composition for six crew members for CO 2

removal and trace contaminant removal, and TBD crew

members for metabolic 02.

The onboard equipment required for station survival

is serviceable in the pressure range of 60 to 107 kPa (450

to 800 mmHg, 8.7 to 15.5 psia). All onboard equipment

will also operate after being exposed to a minimum

pressure of 60 kPa (450 mmHg, 8.7 psia) after the

pressure has been restored to a minimum pressure
of 93.3 kPa (700 mmHg, 13.5 psia).

The USOS ECLSS capabilities are described below:

Control Total Atmospheric Pressure

The atmospheric total pressure is monitored over the

range of 0.0 to 110.6 kPa (0.0 to 827 mmHg, 0.0 to

16 psia) with an accuracy of +0.07 kPa (0.5 mmHg,

0.01 psia). The total pressure is maintained nominally
between 97.9 and 102.7 kPa (734 and 771 mmHg, 14.2

and 14.9 psia), with a minimum pressure of 95.8 kPa

(719 mmHg, 13.9 psia). The ppN2 is kept below 80 kPa

(600 mmHg, I 1.6 psia). N2 is stored in high-pressure
tanks (at least 850 L (30 ft3)) at pressures up to 23.4 MPa

(3400 psia). The tanks are recharged from the space
shuttle.

Control Oxygen Partial Pressure

The atmospheric ppO2 is monitored over a range of

0.0 to 40 kPa (0.0 to 300 mmHg, 0.0 to 5.8 psia) with an

accuracy of +2 percent of full scale. The ppO2 is main-

tained between 19.5 and 23.1 kPa (146 and 173 mmHg,

2.83 and 3.35 psia) with a maximum concentration of

24. l percent by volume. 02 is added at a rate of 0.83 kg/

person/day (1.84 lb/persotVday) for four people and

1.08 kg/day (2.38 lb/day) for animal metabolic needs.
O2 is stored in high-pressure tanks (at least 850 L (30 ft3))

at pressures up to 23.4 MPa (3,400 psia). The tanks are

recharged from the space shuttle.

Relieve Overpressure

The atmospheric pressure is maintained below the

design maximum internal-to-external differential pressure.

Venting of atmosphere to space does not occur at less than

103.4 kPa (15.0 psid).

Equalize Pressure

The pressure differential between adjacent, isolated
volumes at 103.4 kPa (775.7 mmHg, 15.0 psia) and

99 kPa (740 mmHg, 14.3 psia) can be equalized to less

than 0.07 kPa (0.5 mmHg, 0.01 psia) within 3 min.

Respond to Rapid Decompression

A rapid decompression event can be detected prior to

the total pressure decreasing by 3.4 kPa (0.5 psia) based
on a hole size 1.27 to 5.08 cm (0.5 to 2.0 in) in diameter.

The USOS, except for the affected element, can be

repressurized from a minimum total pressure of 86.1 kPa

(12.5 psia) to a total pressure of 95.8 to 102.7 kPa (13.9

to 14.9 psia) and a ppO2 of 19.5 to 23.1 kPa (2.83 to

3.35 psia) within 75 hr, when supplied with gaseous O2

and N2.

Respond to Hazardous Atmosphere

Combustion products can be detected over the ranges

specified in table 7. The atmosphere of any pressurized
volume can be vented to space to achieve an atmospheric

pressure less than 2.8 kPa (20.7 mmHg, 0.4 psia) within
24 hr. PBA's provide 1 hr of continuous emergency

supply of 02 for each crew member through 02 ports or

15 min with emergency 02 tanks. Any single affected

element can be repressurized from space vacuum to a

total pressure of 95.8 to 98.6 kPa (13.9 to 14.3 psia) and a

ppO2 of 16.4 to 23.1 kPa (2.38 to 3.35 psia) within 75 hr.
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TABLE7.---Combustion product detection ranges ($683-

29573D, SSP41OOOB).

Compound Range(ppm)

CarbonMonoxide(CO)

HydrogenChloride(HCI)

HydrogenCyanide(HCN)

HydrogenFluoride(HF)/CarbonylFluoride(COF2)

5to 400

1to 100

1to 100

1to 100

Control Atmospheric Temperature

The atmospheric temperature in the cabin aisleway

is maintained within the range of 18.3 to 29.4 °C (65 to

85 °F). During campout, the AL atmospheric temperature
is maintained between 18.3 to 29.4 °C (±1 °C) (65 and

85 °F (±2 °F)) and is selectable by the crew.

Control Atmospheric Moisture

The atmospheric relative humidity in the cabin

aisleway is maintained within the range of 25 to

70 percent and the dewpoint within the range of 4.4
to 15.6 °C (40 to 60 °F). Humidity condensate from the

Hab, Lab, and AL is delivered to the wastewater bus at a

rate up to 1.45 kg (3.2 lb/hr) and a pressure up to 55 kPa

(8 psig).

Circulate Atmosphere Intramodule

The effective atmospheric velocity in the cabin

aisleway is maintained within the range of 0.08 to

0.20 m/see (15 to 40 fpm), with a minimum velocity

of 0.05 rn/sec (10 fpm) when supporting high heat load
conditions in attached modules.

Circulate Atmosphere Intermodule

Atmosphere is exchanged with adjacent, attached

pressurized segments at a rate of 63.7 to 68.4 L/see (135
to 145 ft3/min).

Control Carbon Dioxide

The ppCO2 is maintained within the range shown in

figure 93. The ppCO2 is monitored over a range of 0.0 to
2.0 kPa (0.0 to 15.0 mmHg, 0.00 to 0.29 psia) with an

accuracy of 3:1 percent of full scale.

Control Gaseous Contaminants

Atmospheric trace gas contaminants that are gener-

ated during normal operations are maintained at levels

below the 180-day SMAC levels and the removed gases

are disposed of. The SMAC levels are listed in table 8.

Trace gases are monitored in the atmosphere at the

detection limit and accuracy as defined in table 9. (Trace

gas monitoring is the responsibility of the CHeCS.)

Control Airborne Particulate Contaminants

Airborne particulates are removed so as to have no
more than 0.05 mglm 3 (100,000 particles per ft 3) with

peak concentrations less than 1.0 mg/m 3 (2 million

particles/ft 3) for particles from 0.5 to 100 microns in
diameter.

Control Airborne Microbial Growth

The daily average concentration of airborne microor-
ganisms is limited to less than 1,000 CFU/m 3. The atmos-

phere is monitored for bacteria, yeast, and molds, with a

sampling volume from 1 to 1,000 L of atmosphere. On
surfaces (the source of airborne microorganisms) the ac-

ceptable ranges of bacteria and fungi are 0 to 40 CFU/cm 2

and 0 to 4 CFU/cm 2, respectively. Samples are collected

once per month and during crew exchange (SSP 41000B,

p. 232).

Respond to Fire

The general philosophy regarding responding to a fire

is to provide for maximum crew flexibility to fight a

localized fire without jeopardizing other modules or

segments of the ISS. This approach can be summarized

in the following steps:

Mitigate fire by controlling the sources of

ignition, fuel, and oxidizer. The ignition source
is controlled by material control and design for

proper wiring, overcurrent protection, etc. The
fuel is controlled by stringent flammability

requirements. The oxidizer is controlled by
reliability requirements to preclude 02 leakage.

Detect a fire at its early stages at the source in

order to contain and stop propagation of fire

byproducts to the larger habitable volumes.

• Suppress and fight a fire at the source when

the fire is small and easily contained.

• Engage the crew in real-time assessment and fire

fighting activities
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Thefollowingrequirementsmustbemet:

• Thecrewmustbeabletoinitiatenotification
ofafireeventwithin1minafterdetection.

Isolationofafireeventmustnotcauseloss
offunctionalitythatmaycreateacatastrophic
hazard.

Accesstoapplyfiresuppressantmustbe
providedateachenclosedlocationcontaining
apotentialfiresource.

Thefiresuppressantmustbecompatiblewith
theISS ECLS hardware, not exceed a partial

pressure of 34.2 mmHg in any isolated element,
and be noncorrosive.

Fire suppressant byproducts must be compatible
with the ISS ECLS contamination control

capability.

Fixed fire suppression, where installed, must

incorporate a disabling feature to prevent

inadvertent activation during maintenance.

(Fixed fire suppression is not used on the ISS.)

One PBA and one PFE must be located in

elements with accessible interior length of
_<7.3 m (24 ft). Where the element exceeds

7.3 m (24 ft) in accessible interior length, a set
of PBA's and PFE's must be located within 3.7 m

(12 ft) of each end of the element. At least one

PBA must be located within 0.91 m (3 ft) of each
PFE.

The ISS must confirm a fire event condition prior

to any automated isolation or suppression.
Confirmation consists of at least two validated

indications of fire/smoke from a detector.

• Onboard verification of suppressant availability

must be provided.

The capability is required to detect a fire event in

accordance with the selection criteria in figures 14, 15,

and 16. Isolation of the fire (by removal of power and

forced ventilation in the affected location) will occur
within 30 sec of detection. Detection of a fire will initiate

a Class I alarm and a visual indication of the fire event

will be activated. Forced ventilation between modules

will stop within 30 sec of annunciation of a Class I fire

alarm. PBA's and PFE's are provided.

TABLE8.--U.S. spacecraft maximum allowable concentrations of gaseous contaminants ($683-29573D, SSP41OOOB).

Chemical (mg/ms)

Acetaldehyde
Acrolein
Ammonia
CarbonDioxide
CarbonMonoxide

1,2-Dichloroethane
2-Ethoxyethanol
Formaldehyde
FreonTMl13

Hydrazine
Hydrogen
Indole
Mercury
Methane
Methanol

MethylEthylKetone
MethylHydrazine
Dichloromethane

Octamethyltrisiloxane
2-Propanol
Toluene

Trichloroethylene
Trimethylsilanol
Xylene

Potential ExposurePeriod

1 hr 1 24 hr 7 days 30 days 180 days

2O
0.2
20
10
6O
2
40
0.5
400
5

340
5

0.1
3,800
4O
150

0.004
35O

4,O0O
1,000
6O
270
60O
430

10
0.08
1,1
10
20
2

40
0.12
4OO
0.4
340
1.5
0.02
3,800

13
150

0.004
120

2,000
240
60
6O
7O
430

4
0.03

7
5.3
10
2
3

0.05
400
0.05
340
0.25
0.01

3,800
9
3O

0.004
50

1,000
150
60
50
40
22O

4
0.03

7
5.3
10
2
2

0.05
400
0.03
340
025
0.01

3,800
9
3O

0.004
2O
2OO
t50
60
2O
40
22O

4
0.03

7
5.3
10
1

0.3
0.05
400

0.005
340
0.25
0.01

3,800
9
3O

0.004
10
40
150
6O
10
40
220
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TABLE9.--Trace gas detection limit ($683-29573D, SSP41OOOB).

Compound Detection Limits (mg/cm3) Compound Detection Limits (mg/cm3)

Methanol 0.5

2-Propanol 5.0

N-Butanol 5.0

Benzene 0.1

MethylBenzene(Toluene) 3.0

Dichlorodifluoromethane(FreonTM 12) 10.0

Trichlorofluoromethane(FreonTM 11) 10.0

1,1,2-Trichloro-1,1,2-Trifluoroethane(FreonTM 113) 5.0

N-Pentane 10.0

2-Methyl-l,3-Butadiene 10.0
2-Butanone 3.0

CarbonMonoxide 2.0

Trimethylsilanol 3.0

Trifluorobromomethane(HalonTM 1301) 10.0

AceticAcid 0.5

Ethanol 5.0

2-Methyl-2-Propanol 5.0

Ethanal(Acetaldehyde) 0.5

Xylenes 10.0

Dichloromethane 0.5

Chlorodifluoromethane(FreonTM 22) 5.0

1,1,1-Trichloroethane 1.0

N-Hexane 5.0

Methane 180.0

2-Propanone(Acetone) 1.0

Hydrogen 10.0

Hexamethylcyclotrisiloxane 10.0

2-Butoxyethanol 1.0

CarbonylSulfide 0.5

4-Hydroxy-4-Methyl-2-Pentanone 1.0

Concentration

Accuracy

Percent Accuracy* Concentration Percent Accuracy*

5 to 10mg/m3

2 to 5 mg/m3

±20 0.5to 2 mg/m3

±30 <0.5mg/m3

*Percentaccuracy= ((measuredconcentration-actualconcentration)/(measuredconcentration))x 100

±4O

±50

The PBA's provide 1 hr of 02 through 02 ports. Fires

will be suppressed by PFE's within 1 min of suppressant

discharge. When initiated by the crew or Ground Control,

the USOS will vent the atmosphere of any pressurized

volume to space to achieve an 02 concentration below

6.9 kPa (1.0 psia) within 10 min. The capability to restore

the habitable environment after a fire event is present.

Accommodate Crew Hygiene and Wastes

Facilities are provided for personal hygiene and

collection, processing, and disposal of crew metabolic

waste. The wastes include menstrual discharge and
associated absorbent material; emesis; fecal solids,

liquids, gases, and particulates; urine and associated

consumable material; soap, expectorants, hair, nail

trimmings, and hygiene water; and externally collected
crew wastes.

Facilities are provided for personal grooming,

including skin care, shaving, hair grooming, and nail

trimming. Simultaneous whole body skin and hair
cleaning are accommodated. Facilities accommodate

washing of selected body areas as required for the

following:

• After urination and defecation

• After exercise

• During medical exams and health maintenance
• Before and after experimentation or other

activities requiring specialized washing
• Before and after meals.

Provide Water for Crew Use

Water provided for crew use is of potable quality, as

indicated in table 10. An average of 2.8 kg/person/day

(6.2 lb/person/day) of potable water for food rehydration,

consumption, and oral hygiene is provided for up to six

people. Up to 5.15 kg/person/day (11.35 lb/person/day)

of potable water can be provided in any 24-hr period.
Fuel-cell water from the space shuttle is provided for

potable use and the USOS provides storage for 408 kg

(900 lb) of fuel cell water. In addition, the ISS provides

up to 3.34 kg/day (7.35 lb/day) of potable water for life

science experiments.

An average of 6.8 kg/persordday (15.0 lb/person/

day) of hygiene water is provided. Up to 7.3 kg/person

(16.0 Ib/person) of hygiene water can be provided in any

24-hr period. Wastewater is collected, processed, and

returned to the water subsystem. Urine is collected and

processed at an average rate of 1.56 kg/person/day

(3.43 lb/person/day).
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Fire Protection

(FP) Location
(Rack, Standoff,

Endcones)

Any Potential
Fire Source
in Location

Yes

Configuration
Meets NHB8060.1C

Flammability
Requirements?

Yes

o

I Detection/Fixed
No _ Suppression

Not Required

I Submit Category I
No _ Material Usage

Agreement(MUA)

Yes _,_ No

• No

1. An 02 line running through a location with no fittings, fittings with redundant seals,

metal seals, or only welded fittings internal to the location would be a "no." Also

assumes worstcasecrediblefailure for determining leakage/buildup potential.

2. Compliance with SSP 30312 is determined by Parts Control Board for any deviations.

FIGURE14.--USOS fire protection selection criteria (13684-10210-01).
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and Can Readily /
Detecta Fire/

Yes

I Detection/Fixed
Suppression

Not Required

,

Present in Location

i_Cooled

No

All

Equipment or Avionics3
Present in Hermetically

SealedEnclosure
?

Yes

Detection/Fixed I
Suppression __
No_.jtRequired

Yes

No

Yes

Yes No

Avionics refers to anyelectrical equipment or componentsother than power/data connectors,cables, lines, or wires
(e.g., card-mounted electronic components). Electromechanicalequipment refers to any motors, pumps, etc.

4. FDIRmust be sufficient to alert the crewto failure modes of the equipment, not in hermetically sealed enclosures,which
could causea fire event. Notification of loss of function satisfies the FDIRrequirements. Electrical equipment and wiring
having two upstream devicesto detectand isolateover-current and short circuiting conditions meet the FDIR requirements.

5. Sampling is intendedto allowthe crewto avoidopeninga location which may containa buildup of hazardousoffgassing.
Sampling through a PFEsupression port using the GFEmanual sampling equipment satisfies this requirement.

FIGURE15.--USOS fire protection selection criteria (])684-10210-01) (continued).
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I Detection/Isolation Required

Fire Source
When Station in

Untended

Yes

Config
Meets NHB8060.1C

Flammability
Requirements?

No

Submit Cat. I
MUA

I Fixed SuppressionRequired

No

Yes

I Fixed Suppression Inot Requireds

v _ LocationCreating /

Yes

No
Yes

6. Basedon capabilityof crew to perform suppressionvia PFE'sfor locations which willbe powered
only when the I$S is tended. When the ISSis untended the material control and no 02 leakage/buildup
potential will prevent fire from propagating.

7. An 02 line running through a location with no fittings, fittings with redundant seal, or only welded
fittings internal to the location would be a "no." Assumes worst casecredible failure.

FIGURE16.--USOS fire protection selection criteria (1)684-10210-01) (continued).
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Supply Water for Payloads Control Total Atmospheric Pressure

The USOS provides 2.2 kg/day (4.8 lb/day) of

potable water to payload users, dispensed from a central

location. In addition, 3.33 kg/day (7.35 lb/day) of potable

water, dispensed from a central location, is provided to

support life science experiments. The payload users or

experimenters are responsible for providing the means

of transporting the water from the dispenser to the site
of use.

Supply Vacuum Services to User Payloads

Vacuum resource and waste gas vent services are

provided to user payloads.

Support Denitrogenation

The USOS provides for denitrogenation for two
people preparing for an EVA. This consists of a 12-hr

campout in the AL at 70.3 kPa (10.2 psia) _+1.4 kPa

(0.2 psia) with 27 to 30 percent 02. Additionally, the cap-

ability for an in-suit prebreathe period of 40 min to 4 hr is

provided. The capability for an in-suit purge for a min-
imum of 12 min prior to an EVA is also provided. Both

U.S. and Russian protocols are followed. The United

States supplies prebreathe 02 for 13 EVA's every 90 days.

At least 70 percent of the atmosphere is recovered during
an EVA, including preparation for the EVA.

Support Service and Checkout

This capability is provided in the AL. (Details are

not presently available.)

Support Station Egress

This capability is provided in the AL. (Details are
not presently available.)

Support Station Ingress

This capability is provided in the AL. (Details are

not presently available.)

Distribute Gases to User Payloads

N2 is provided for payloads. (Details are not pres-

ently available.)

3.3.3 APM ECLS Capabilities

The APM ECLS capabilities are:

Total atmospheric pressure is monitored, and positive

and negative pressure relief is present.

Control Oxygen Partial Pressure

This capability is not required in the APM.

Relieve Overpressure

The atmospheric pressure is maintained to less than

the design maximum internal-to-external differential

pressure. Venting of atmosphere to space does not occur

at less than 103.4 kPa (15.0 psid).

Equalize Pressure

The pressure differential between adjacent, isolated

volumes at 103.4 kPa (775 mmHg, 15.0 psia) and

98.6 kPa (740 mmHg, 14.3 psia) can be equalized to less

than 0.07 kPa (0.5 mmHg, 0.01 psid) within 3 min.

Respond to Rapid Decompression

The differential pressure of depressurization,

repressurization, and the depressurized condition can be

tolerated without resulting in a hazard or failure propaga-
tion.

Respond to Hazardous Atmosphere

The first response is to don PBA's which have a

15-min supply of air or 02 for at least two people. The

capability is present to vent the atmosphere to space to
achieve an atmospheric pressure less than 2.76 kPa

(20.7 mmHg, 0.4 psia) within 24 hr. The atmosphere can

be repressurized from space vacuum to a total pressure of

95.8 to 98.6 kPa (13.9 to 14.3 psia) and ppO2 of 16.4 to

23.1 kPa (2.38 to 3.35 psia) within 75 hr with 02 and N2

from the USOS, as specified in SSP 41150.

Control Atmospheric Temperature

The atmospheric temperature in the cabin aisleway

is maintained within the range of 18.3 to 26.7 °C (65 to

80 °F). The atmospheric temperature setpoint is selectable

by the flight or ground crew and the setpoint can be
controlled within + 1 °C (+2 °F).
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TABLE IO.mUSOS water quality requirements (SSP 41162B).

Parameters

PhysicaT
TotalSolids
ColorTrue
Taste
Odor
Particulates

pH
Turbidity
DissolvedGas
FreeGas

Aesthetics

CO2

Microbial
Bacteria/Fungi
TotalColiform
Virus

OrganicParameters(2)
TotalAcids

Cyanide
HalogenatedHydrocarbons
TotalPhenols
TotalAlcohols

TotalOrganicCarbon(TOC)
UncharacterizedTOC(UTOC)(3)

Potable Water
Specifications (4)

100mg/L
15Pt/CoUnits

3 TTN
3 TON

40microns(maxsize)
6.0to 8.5

1 NTU

(1) (freeat 37 °C)
(1) (STP)

15mg/l.

100CFU/IO0mL
<1CFU/100mL
<1CFU/IO0mL

500 pg/L
200pg/L

I0pg/L

1po/L
5O0UO/L
500 pg/L
I00pg/L

Parameters

InorganicConstituents
Ammonia
Arsenic
Barium
Cadmium
Calcium

Chlorine(Total--IncludesChloride)
Chromium

Copper
Iodine(Total--IncludesOrganicIodine)

Iron
Lead

Magnesium
Manganese
Mercury
Nickel

Nitrate(NO3-N)
Potassium
Selenium
Silver
Sulfate
Sulfide
Zinc

Bactericide

ResidualIodine(Minimum)
ResidualIodine(Maximum)

Potable Water
Specifications (4)

Ore5mg/L
0.01mg/l_
1.0mg/L

0.005mg/L
30mg/L
200mg/L
0.05 mg/L
1.0mg/!_
15mg/L
0.3mg/L

0.05 mg/L
50 mg/L

0.05 mg/l_
0.002mg/L
0.05 mg/L
10mg/L
340mg/L
0.01 mg/L
0.05 mg/L
250 mg/!_
0.05mg/L

5 mg/L

I mg/L
4 mg/L

Notes:
(1) Nodetectablegasusingavolumetricgasversusfluid measurementsystem--excludesC02usedfor aestheticpurposes.
(2) Eachparameter/constituentmaximumcontaminationlevel(MCL)mustbeconsideredindividuallyandindependentlyof others.
(3) UTOCequalsTOCminusthesumof analyzedorganicconstituentsexpressedinequivalentTOC.
(4) MCL.

Control Atmospheric Moisture

The atmospheric dewpoint is maintained within the

range of 4.4 to 15.6 °C (40 to 60 °F) and relative humidity

in tile Cabin aisleway within the range of 25 to 70 percent.

Water condensed from the atmosphere is delivered to the
USOS in accordance with SSP 41150.

Circulate Atmosphere Intramodule

The effective atmospheric velocity in the cabin

aisleway is maintained within the range of 0.08 to

0.2 m/sec (15 to 40 fpm).

Circulate Atmosphere Intermodule

IMV is performed by the IMV fan in Node 2

(SSP 41000B, p. 46) at a rate of 64 to 68 Idsec (135

to 145 cfm).

Control COz

This capability is provided by the USOS.

Control Gaseous Contaminants

Primary control is provided by the USOS. The

capability to initiate depressurization of the APM is

provided.
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Respond to Fire

The capability to detect a fire event in accordance

with the selection criteria in figures 14, 15, and 16 is

provided. Isolation of the fire (by removal of power and
forced ventilation in the affected location) will occur
within 30 sec of detection. Forced ventilation between

modules will stop within 30 sec of annunciation of a Class

I fire alarm. PBA's and PFE's are provided.

Detection of a fire will initiate a Class I alarm and

a visual indication of the fire event will be activated. The

PFE's will suppress a fire within 1 min of suppressant

discharge by reducing the oxygen concentration to less

than 10.5 percent. When initiated by the crew or Ground

Control, the APM will vent the atmosphere to space to
achieve an oxygen concentration less than 6.9 kPa

(1.0 psia) within 10 min. The capability to restore the

habitable environment after a fire event is present.

Control Airborne Particulate Contaminants

The average atmospheric particulate level complies
with class 100,000 clean room requirements.

Control Airborne Microbial Growth

The daily average concentration of airborne micro-

organisms is limited to less than 1,000 CFU/m 3.

Accommodate Crew Hygiene and Wastes

This capability is provided by the USOS.

Provide Water for Crew Use

This capability is provided by the USOS.

Supply Water for Payloads

This capability is not required in the APM.

Supply Vacuum Services to User Payloads

Vacuum resource and waste gas vent services are

provided to user payloads.

Support Denitrogenation

This capability is not required in the APM.

Support Service and Checkout

This capability is not required in the APM.

Support Station Egress

This capability is not required in the APM.

Support Station Ingress

This capability is not required in the APM.

Distribute Gases to User Payloads

Nitrogen is provided to user payloads.

3.3.4 JEM ECLS Capabilities

The JEM ECLS capabilities are:

Control Total Pressure

This capability is provided by the USOS.

Control Oxygen Partial Pressure

This capability is provided by the USOS.

Relieve Overpressure

The atmospheric pressure is maintained to less than

the design maximum internal-to-external differential

pressure. Venting of atmosphere to space does not occur

at less than 103.4 kPa (15.0 psid).

Equalize Pressure

The pressure differential between adjacent, isolated

volumes at 103.4 kPa (775 mmHg, 15.0 psia) and

98.6 kPa (740 mmHg, 14.3 psia) can be equalized to

less than 0.07 kPa (0.5 mmHg, 0.01 psia) within 3 rain.

Respond to Rapid Decompression

The differential pressure of depressurization,

repressurization, and the depressurized condition can

be tolerated without resulting in a hazard or failure

propagation.

Respond to Hazardous Atmosphere

The first response is to don PBA's which have a

15-min supply of air or 02 for at least two people. The

capability is present to vent the atmosphere to space to

achieve an atmospheric pressure less than 2.76 kPa

(20.7 mmHg, 0.4 psia) within 24 hr. The atmosphere can

be repressurized from space vacuum to a total pressure of
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95.8 to 98.6 kPa (13.9 to 14.3 psia) and a ppO2 of I6.4 to

23.1 kPa (2.38 to 3.35 psia) within 75 hr, with O2 and N2

supplied from the USOS, as specified in SSP 41151,

paragraphs 3.2.4.3.5 and 3.2.4.4.5.

Control Atmospheric Temperature

The atmospheric temperature in the cabin aisleway

and laboratory aisleway is maintained within the range of

18.3 to 26.7 °C (65 to 80 °F). The atmospheric tempera-

ture setpoint is selectable by the flight or ground crew and

the setpoint can be controlled within +_.1 °C (±2 °F)

during normal operation at 18.3 to 26.7 °C (65 to 80 °F)

for nominal loads or 21.1 to 26.7 °C (70 to 80 °F) for high

heat loads. Temperature selectability is not required

during peak-heat-load conditions.

Control Atmospheric Moisture

The atmospheric relative humidity in the cabin

aisleway is maintained within the range of 25 to

70 percent, and the dewpoint within the range of 4.4
to 15.6 °C (40 to 60 °F). Water condensed from the at-

mosphere is delivered to the USOS in accordance with

SSP41151, paragraph 3.2.4.2.4.

Circulate Atmosphere Intramodule

The effective atmosphere velocities in the cabin

aisleway is maintained within the range of 0.08 to

0.2 m/see (15 to 40 fpm).

Circulate Atmosphere Intermodule

Atmosphere is exchanged with the USOS as spec-

ified in SSP41151, paragraph 3.2.4.1 (at a rate of 63.7

to 68.4 L/see (135 to 145 ft3tmin)).

Control CO2

This capability is provided by the USOS.

Control Gaseous Contaminants

This capability is provided by the USOS.

Control Airborne Particulate Contaminants

Airborne particulates are removed to have no more
than 0,05 mg/m 3 (100,000 particles per ft 3) with peak

concentrations less than 1.0 mg/m 3 (2 million particles/

f13) for particles from 0.5 to 100 microns in diameter.
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Control Airborne Microbial Growth

The daily average concentration of airborne micro-

organisms is limited to less than 1,000 CFU/m 3.

Respond to Fire

The capability to detect a fire event in accordance

with the selection criteria in figures 14, 15, and 16 is

provided. Isolation of the fire (by removal of power and

forced ventilation in the affected location) will occur
within 30 sec of detection. Forced ventilation between

modules will stop within 30 sec of annunciation of a Class

I fire alarm. PBA's and PFE's are provided.

Detection of a fire will initiate a Class I alarm and

a visual indication of the fire event will be activated. The

PFE's will suppress a fire within 1 min of suppressant

discharge by reducing the oxygen concentration to less

than 10.5 percent. When initiated by the crew or Ground

Control, the JEM will vent the atmosphere to space

to achieve an oxygen concentration less than 6.9 kPa

(1.0 psia) within 10 min. The capability to restore the

habitable environment after a fire event is present.

Accommodate Crew Hygiene and Wastes

This capability is provided by the USOS.

Provide Water for Crew Use

This capability is provided by the USOS.

Supply Water for Payloads

This capability is provided by the USOS.

Supply Vacuum Services to User Payloads

Vacuum resource and waste gas vent services

are provided to user payloads.

Support Denitrogenation

This capability is not required in the JEM.

Support Service and Checkout

This capability is not required in the JEM.

Support Station Egress

This capability is not required in the JEM.



SupportStationIngress ControlAtmosphericTemperature

This capability is not required in the JEM.

Distribute Gases to User Payloads

Nitrogen and other gases are provided to user

payloads.

3.3.5 MPLM ECLS Capabilities

The MPLM ECLS capabilities are:

Control Total Pressure

This capability is provided by the USOS.

Control Oxygen Partial Pressure

This capability is provided by the USOS.

Relieve Overpressure

The atmospheric pressure is maintained to be less
than the design maximum internal-to-external differential

pressure. Venting of atmosphere to space does not occur

at less than 102.0 kPa (14.8 psid) when the MPLM is
isolated.

Equalize Pressure

The pressure differential between adjacent, isolated

volumes at 103.4 kPa (775 mmHg, 15.0 psia) and
98.6 kPa (740 mmHg, 14.3 psia) can be equalized to less

than 0.07 kPa (0.5 mmHg, 0.01 psid) within 3 min. The

MPLM will equalize the pressure differential between

adjacent, isolated volumes to less than 0.07 kPa

(0.01 psid) with the MPLM at space vacuum, and the

adjoining isolated volume at 103.4 kPa (15.0 psia) within
75 hr.

Respond to Rapid Decompression

The differential pressure of depressurization, repre-
ssurization, and the depressurized condition can be tol-

erated without resulting in a hazard or failure propagation.

Respond to Hazardous Atmosphere

The atmosphere can be vented to space to achieve an

atmospheric pressure less than 2.8 kPa (0.4 psia) within
24 hr.

This capability is provided by the USOS.

Control Atmospheric Moisture

This capability is provided by the USOS which

maintains the relative humidity in the MPLM in the range

of 25 to 70 percent and the dewpoint in the range of 4.4
to 15.6 °C (40 to 60 °F).

Circulate Atmosphere Intramodule

The effective atmosphere velocities in the cabin

aisleway are maintained within the range of 0.08 to
0.2 m/sec (15 to 40 fpm).

Circulate Atmosphere Intermodule

Atmosphere is exchanged with the USOS as specified
in SSP 42007 (at a rate of 63.7 to 68.4 L/sec (135 to

145 ft3/min).

Control CO2

This capability is provided by the USOS.

Control Gaseous Contaminants

This capability is provided by the USOS.

Control Airborne Particulate Contaminants

This capability is provided by the USOS.

Control Airborne Microbial Growth

This capability is provided by the USOS.

Respond to Fire

The capability to detect a fire event in accordance

with the selection criteria in figures 14, 15, and 16 is

provided. A "detected smoke" signal will be sent to the

USOS, which then will switch off power to the MPLM.

Isolation of the fire (by removal of power and forced

ventilation in the affected location) will occur within
30 sec of detection. Forced ventilation between modules

will stop within 30 sec of annunciation of a Class I fire

alarm. PBA's and PFE's are provided.
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Detectionofafirewill initiateaClassI alarmanda
visualindicationofthefireeventwillbeactivated.The
PFE'swill suppressafirewithinoneminuteofsuppres-
santdischargebyreducingtheoxygenconcentrationto
lessthan10.5percent.Wheninitiatedbythecrewor
GroundControl,theMPLMwill venttheatmosphere
tospacetoachievean02concentrationlessthan6.9kPa
(1.0psia)within10min.

Accommodate Crew Hygiene and Wastes

This capability is provided by the USOS.

Provide Water for Crew Use

This capability is provided by the USOS.

Supply Water for Payloads

This capability is provided by the USOS.

Supply Vacuum Services to User Payloads

This capability is not required in the MPLM.

Support Denitrogenation

This capability is not required in the MPLM.

Support Service and Checkout

This capability is not required in the MPLM.

Support Station Egress

This capability is not required in the MPLM.

Support Station Ingress

This capability is not required in the MPLM.

Distribute Gases to User Payloads

This capability is not required in the MPLM.
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4.0 Integrated Operation

The ECLS systems in the USOS and the RS are

physically separate, but during operation the hatches

in the FGB are open, and there is atmospheric transfer

between the segments. This atmospheric movement

carries water vapor and other atmospheric constituents,

which materially connect the ECLS systems. Therefore,

in addition to integrating hardware and functions, it is

necessary to integrate operation of the ECLS systems

and the responsibilities for performing the necessary
tasks.

Integrated operation involves connecting the different

segments, determining operational considerations, and

addressing integration concerns. At the time of writing,
details of the integrated operation of the ISS are being

resolved. The information presented here may change

and, therefore, serves as examples of the integration

concerns and responses.

4.1 Intermodule ECLSS Interfaces

Interfaces include those between the different seg-

ments and those between different components within a

segment. Interfaces between segments or modules include

structural/mechanical and utility connections consisting of

electrical power, atmosphere, structural and mechanical

loads, data, and commands. (Data and command inter-
faces with the controllers on Earth are not considered in

this report.) Interfaces include atmospheric ducting be-

tween modules within a segment. Other examples are the

interfaces between the PFE's and the racks that may be

potential fire sources, and the connections for the PBA.
The interfaces that relate to ECLS are discussed in the

following paragraphs.

4.1.1 RS ECLS Interface With the USOS

Interfaces with the USOS through PMA-1 and
Node 1 include:

IMV Supply and Return

Atmosphere flows between the RS and the USOS

through the open hatches and ducts. Respirable air is

supplied from the FGB at a temperature of 18.3 to 28 °C

(65 to 82.4 °F), a flowrate between 60 to 70 L/sec (127
and 148 ft3/min), and a dewpoint between 4.4 and 13.9 °C

(40 and 57 oF).

Respirable air is returned to the FGB at a temperature
of 18.3 to 29.4 °C (65 to 85 oF), a flowrate between 60

to 70 L/sec (127 and 148 ft3/min), and a dewpoint

between 4.4 and 14 °C (40 and 57.2 °F). (The maximum

dewpoint temperature is based on analysis; the specified
maximum is 15.6 °C (60 °F).)

Water Transfer

The transfer from the USOS to the RS of water

condensed from atmospheric humidity is performed

manually using portable tanks (e_s containers).

4.1.2 RS-to-EVA ECLS Interface

The RS ECLS interfaces with the Orlan pressure suit

for servicing and checkout during EVA preparation and

support of the EVA crew during suited operations within
the DC.

4.1.3 USOS to APM, JEM, and MPLM

ECLS Interface

USOS interfaces with the APM and JEM (shown in

figures 17 and 18, respectively) include electrical power,

gaseous nitrogen, thermal energy, atmosphere, and water
return to the USOS. The USOS-to-APM physical and

functional interface requirements are described in SSP

41150. The USOS-to-JEM physical and functional

interface requirements are defined in SSP 41151, and

design implementations are described in SSP 42000. The
interfaces between the MPLM and the USOS are defined

in SSP 42007, and shown in figure 19.

ECLS interfaces with the USOS through Node 2
include:

Coolant Supply and Return

Low-temperature coolant for the ITCS is supplied
from the USOS at 0.6 to 5.6 °C (33 to 42 oF) and returned

to the USOS at 3.3 to 21 °C (38 to 70 °F), at a pressure of

124 to 689 kPa (1.24 to 6.9 bar, 18 to 100 psia) and at a

flowrate of 0 to 0.063 kg/s (0 to 8.33 lb/min).

Heat Load

The maximum heat load exchanged between Node 2
and the APM is _+200 W for sensible heat with no latent

heat transfer.
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IMV Supply and Return

Respirable atmosphere is supplied from the USOS

at 7.2 to 29 °C (45 to 85 °F), 95.8 to 104.8 kPa (13.9 to
15.2 psia), and at a flowrate between 3.8 and 4.1 m3/min

(135 and 145 fi3/min). The supplied air has a dewpoint

between 4.5 and 15.5 °C (40 and 60°F) and a relative

humidity (RH) between 25 and 70 percent. RH's < 25

percent are allowed following repressurization. The

maximum 02 concentration is 24.1 percent by volume.

U.S. Ground Support

Segment Equipment
(USGS)

FIGURE17.--APM external ECLS interfaces.

The capability to supply IMV atmosphere during both
open and closed hatch operations is present. The means

to turn off and isolate IMV supply is also present.

By separate ducts, the USOS receives return IMV air

at 95.8 to 104.8 kPa (13.9 to 15.2 psia) and at a flowrate

between 64 and 68 L/sec (135 and 145 cfm). The capabil-
ity to receive IMV atmosphere during both open and

closed hatch operations is present. The means to turn off

and isolate IMV return is also present.
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FIGURE18.mJEM external ECLS interfaces.

Atmospheric Sampling

A separate internal line is used to acquire samples for

monitoring (in the USOS) the major constituents and trace

contaminants in the APM, JEM, and MPLM atmospheres.

The maximum pressure loss in the sampling line on the

APM side of the interface is 6.89 mbar (0.10 psia) at a
flowrate of 400 scc/min.

Condensate Water

Condensate from the CHX in the APM and JEM is

delivered to the water processor in the USOS via waste-
water lines. The pressure in the wastewater lines can

fluctuate between 0 and 0.6 bar (0 and 8 psia). The
flowrate of condensate from the APM is a maximum

of 1.4 kgh_r (3 lb/hr).

4.1.4 USOS-to-AL-to-EVA Interface

The AL interfaces with Node 1 of the USOS in

accordance with SSP 41145. N2 and 02 leakage makeup

gases are provided from the AL from storage tanks

mounted externally, and water is provided for EVA from
the USOS. The AL interfaces with EVA aids in accor-

dance with SSP 30256-001, EVA Standard.
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F[CURF 19.--MPLM external ECLS interfaces.

4.2 Operational Considerations

Operational considerations include the following:

Intermodule Ventilation

The present specification is for a dewpoint no greater
than 15.6 °C (60 °F), but it is desirable to reduce that to

14 °C (57 °F) or less. The Russians would prefer to

specify an 8 to 9 °C (46 to 48 °F) dewpoint to eliminate

concern about window fogging and surface condensation.

The lower the dewpoint, the better the reliability and

redundancy. On the current Mir station the dewpoint is

11 °C (52 °F) normally, and 14 °C (57 oF) during crew

exchange. The space shuttle has similar conditions. There

is also a concern of trace contaminants entering the RS
from the USOS andO2 availability in the LSM, although

it is not expected that the RS will get a large spike of trace
contaminants from the USOS.

Atmospheric Gas Loss

The resupply atmosphere capacity on the Progress
is insufficient so any addltional amounts must be provided

by the U.S. Any atmospheric losses above what the

Progress can provide will come from the space shuttle
or the AL O2]N2 tanks.

Atmosphere Control and Supply Issue

The ACS must also: (l) support 02 metabolic needs

of the 72 rodents (total of i.08 kg/day (2.38 lb/day)) and

(2) make up atmospheric losses due to crewlock losses,

structural losses, and experiment losses. The USOS does

not have the capability to provide this level of 02.

Furthermore, the RS may not have the capability based

on power availability or water availability. The power

availability concern may be corrected by delaying the

requirements (i.e., phasing the requirements during

assembly) or delaying the requirements until the power

is available. If water availability is the only problem, a

potential solution is to have the United States supplement

the Russian water supply with space shuttle fuel-cell
water. - - =

For atmospheric loss makeup, the current RS

resupply capability is 225 to 270 kg/yr (102 to 122 lb/yr),

which is delivered by the Progress. The USOS will make
up any of the shortfall, and the space shuttle will be the

delivery vehicle. This option implies that the Russian 02

generator is operating at 100 percent. In other words, the

Progress tanks will be filled with N2 only, and 02 is
supplied solely by the Russian 02 generator.
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Research Animals

Research animals on the USOS are phased in three

steps: 24 rodents by 2001 (UF-5), 48 rodents by 2002

(UF-6), and 72 rodents by Assembly Complete (AC). The

ECLS system is sized to handle the full animal load but

the water balance is not completely defined. In principle

there is an agreement to transfer water, but no details

about how to do it. Some remaining issues to be ad-
dressed are:

• On the U.S. side:

- Have a good understanding of the phasing

of the requirements, especially the payload

animal requirements.

- Once this is understood, review the power

profile to determine if the requirements are
achievable.

- If power is available, then determine if
sufficient water is available.

- If insufficient water is available, then

determine if there is a way to store and

transfer space shuttle fuel-cell water to
the RS.

• On the Russian side:

- Using the power availability, determine if

the 02 generator capability can meet the

additional requirements.
- Review the Russian water balance to

determine if space shuttle fuel-cell water

transfer is required.

Water Balance

The material connection of the USOS and RS affects

such factors as the water balance between the segments,

due to different specified maximum dewpoints--15.6 °C
(60 °F) for the USOS and 13.9 °C (57 °F) for the RS--

and differences in the ways that the U.S. and Russian

humidity control equipment operates. For example, for a
three-person crew the U.S. THC maintains the ppH20 at

about 1.1 kPa (8 mmHg), whereas the Russian condensate

collection device does not operate until the ppH20

reaches 1.3 to 1.6 kPa (10 to 12 mmHg). The U.S. THC

operates essentially continuously, whereas the Russian

condensate collection device operates for 6 to 8 hr per

24-hr period. The Russians also separate humidity control

and temperature control, whereas the U.S. THC combines

these functions. Because of these operational differences,
the USOS collects most of the condensate.

The water balance between the RS and the USOS is

also affected by the assembly sequence. Prior to Russian
LSM activation, the ISS has a three-person crew on board.

The SM provides condensate collection and processing.

The Progress provides water makeup, 02 supply, and EVA

support. The USOS has a low-temperature loop as soon as
the Lab is activated, so the Lab collects condensate from

the beginning, and, currently, there is no means to transfer

this condensate water to the RS, thus an imbalance in the

water supply results.

After the Russian LSM is installed, as shown in

figure 20, the cooling and humidity removal loads change

somewhat. This affects the water balance, but the way in

which the water balance is affected depends on the allow-

able dewpoints and flowrates of ventilation between the

modules. The return air from the USOS has a dewpoint of

4.4 to 15.6 °C (40 to 60 °F), but nominally close to I0 °C

(50 oF) and typically 7.2 °C (45 oF). At AC there is a six-

person crew, with a greater humidity load due to respira-

tion and perspiration.

The present RS water usage philosophy is similar to

that on the Mir. On the Mir, only 75 percent of the 02

supply is generated by water electrolysis (due to power

constraints) and 25 percent is provided by solid perchlor-
ate and other 02 sources. On the ISS, if there are no

power constraints, 100 percent of the 02 supply is

generated by water electrolysis. If there is a power

constraint, then the 02 generation is at 75 percent. The

first case uses five Progress missions with a 200 L (435

lb) shortage. The second case requires five Progress

Missions with a 100 L (218 lb) surplus. (Both cases

assume 100 percent condensate collection in the USOS.)

Several options are available to address the water imbal-
ance and the water shortage of the RS:

• Venting to space excess water on the USOS.
• Don't collect condensate on the USOS. This

will not give the ISS a robust system, whereas

at AC it is good to have this capability.

• Collect the condensate in a portable tank for
transfer to the RS.

• Provide a temporary or permanent pipe to the
RS.

• Transfer water from the space shuttle fuel cells

which produce a net of about 60 L (132 lb) of

potable water per day.

To make up for hygiene water losses, the RS has a
tank that has a capacity of approximately 12 L (26 lb)

which is part of the hygiene loop and is filled via a

portable tank from any point. The water could come from

the space shuttle AL, from the potable water processor, or
from the Progress.
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FIGURE 20.--ISS cooling and humidity removal loads configuration after the Russian LSM is installed.

Biocide Compatibility

The United States uses iodine for a biocide in the

water supply, whereas the Russians use silver. If the

different waters are mixed, intentionally or inadvertently,
the iodineand silver can-combine to form silver iodide,

which precipitates as a solid, and can clog lines and

diminish the biocide capabilities.

4.3 Responsibilities

Responsibilities are listed below:

The Progress provides 170 kg (375 ib) of N2 and

02, each, at a pressure of 20.9 MPa (3027 psia,

206 atmospheres).

The space shuttle provides fuel-cell water to the

RS to produce metabolic 0 2 for up to six crew

members and 02 for structural leakage for as

long as the RS has to produce all of the 02 for

metabolic usage and structural leakage. The

preliminary recommendation from the Russians

is up to 150 kg/yr (330 lb/yr) (TBD).

• The space shuttle (or any other U.S. cargo

spacecraft) supplies additional gases required
for the USOS.

• The USOS provides for the release of excess

pressure from the ISS after opening the hatch

between segments.

The USOS and RS maintain trace contaminants

and particulates at the agreed levels.

The space shuttle, after docking with the ISS,

provides maintenance of the total pressure in the
ISS.

The USOS provides for denitrogenation for
EVA's.
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5.0 Safety, Reliability, and Quality

Assurance

Due to the necessity for the ECLS systems to

function properly, the design and manufacturing of the

components must be of high quality. In addition to

meeting the performance requirements with regard to the

primary function, there are other aspects to the definition

of quality: meeting requirements with regard to durability,

maintainability, and repairability; safety; failure re-

sponses; and human factors considerations. These other

aspects are discussed in this section. The "NASA/RSA

Joint Specifications/Standards Document" further

describes the specifications and standards.

5.1 System Durability and Maintainability

The design life for the ISS is 10 yr of operation after

it is completely assembled. This means that the Russian

systems are required to operate for 15 yr, since they will

become operational about 5 yr prior to AC. To ensure that

the entire system will be operational for such a long time,

the subsystems and component parts are being designed to

be highly reliable, maintainable when failures occur, and

replaceable when necessary or when an improved

technique is developed.

5.2 Human Factors and Other Requirements

Human factors considerations relate to those aspects

with which the crew directly interacts. This includes

allowable touch temperatures, surface roughness, equip-
ment labeling, knobs, fasteners, and warning indicators

such as fire signals. Allowable touch temperatures for

continuous contact range between 5 and 40 °C (41 and

104 °F), and up to 45 °C (113 °F) for momentary contact.

Surfaces at temperatures outside that range that are

subject to contact must have warning labels, safety

guards, or both. Exposed surfaces must be smooth and

free of burrs. Equipment labeling must be in accordance

with the "NASA/RSA Joint Specifications/Standards
Document" for the ISS.

5.3 Safety Features

Safety features relate to structural, mechanical,

electrical, chemical, and other aspects of ECLS equip-

ment. Structurally, the equipment must withstand induced

loads without damage under normal and expected con-
ditions. In the event of a failure, the structure must not fail

catastrophically (i.e., deformation must occur before

fracture). Mechanically, the equipment must not damage

other equipment if failure occurs. Electrically, the equip-

ment must incorporate safety features such as interlocks

whereby all electrical potentials in excess of 200 V are

removed when equipment access doors are opened.
Potential chemical hazards must be sealed sufficiently to

preclude leakage. Any penetrations of the pressure shell

must have two barriers to the space vacuum.

Regarding fire protection, the following capabilities

are provided:

• Manual activation of a fire alarm within 1 min

of detection of a fire event by the crew.

• Isolation of a fire must not cause loss of func-

tionality that may create a catastrophic hazard.

The application of a fire suppressant at each

enclosed location containing a potential fire
source must be accommodated.

The fire suppressant must be compatible with the

ECLS equipment, must not exceed 1 hr SMAC

levels in any isolated elements, must be noncor-

rosive, and the byproducts must be compatible

with the contamination control capability.

One PBA and one PFE must be located in

elements _<7.3 m (24 r) in accessible interior

length. Where the element exceeds 7.3 m (24 fi)
in accessible interior length, a set of PBA's and

PFE's must be located within 3.7 m (12 ft) of
each end of the element. At least one PBA must

be located within 1 m (3 ft) of each PFE.
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5.3.1 Failure Tolerance

Failure tolerance refers to how many failures a

system can withstand before it no longer meets the
required functions. Most of the ECLS functions are

single-failure tolerant, meaning that any single failure will
not prevent that function from being performed. Some

functions are zero-failure tolerant, meaning that if a single

failure occurred the function may be prevented. A single

failure of RS equipment is not to propagate across the RS/
USOS interfaces defined in SSP 42121, and failure of

USOS equipment is not to propagate to the RS.

Equipment located in pressurized volumes will be

capable of tolerating the differential pressure of depres-
surization, repressurization, and the depressurized

condition without resulting in a hazard or failure propaga-
tion. Equipment that must operate during depressurization

or repressurization is designed to operate over the entire

pressure range without producing hazards.

If a system is not maintainable, with one or two

failures crew return to Earth may be necessary. If a system

is maintainable--the hydraulic system, for example--

with one failure it can still support the crew, but since it is

maintainable it could sustain many failures.

5.3.2 Design for Safety

The ECLSS design is such that no combination of two

failures, two operator errors, or one of each can result in

a catastrophic hazard; and no single failure or single
operator error can result in a critical hazard.

Where hazards are controlled by requirements that

specify safety related properties andcharactefistics, the

affected .equipment must be designed for minimum risk.

This applies to mechanisms, structures, pressure vessels,

pressurized lines and fittings, functional pyrotechnic

devices, material compatibility, flammability, etc.

Equipment is designed such that a single failure of an
ORU in a functional path will not induce any other
failures external to the failed ORU.

5.4 Failure Response Procedures

Russian failure response procedures have been

developed through experience with the Salyut and Mir

stations. One example is the ventilation system. In the

event that a component, such as a fan, of the ventilation

system fails, the crew and ground controllers are alerted

by a computer. The crew then replaces the fan to recover
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operation of the ventilation system. Similarly, if the

humidity removal unit fails, the crew and Ground Control

are alerted and activate a backup unit to recover.

Potential failures to the USOS ECLSS are evaluated

and documented in Failure Modes and Effects Analyses

(FMEA). Failures must be detectable to the ORU level.

An ORU consists of several components attached together

and treated as a single part. When an ORU fails the device

containing that ORU is switched off and, if necessary, a

backup device is switched on. The failed ORU is then

removed and replaced with a spare ORU. The crew

response depends on the type of failure. In the event of a

fire, rapid depressurization, or hazardous atmospheric

condition, the procedure is for the crew to don PBA's and

then activate the caution and warning system by pressing

the appropriate button on the nearest Caution and Warning

(C&W) panel (shown in Chapter II: The USOS ECLSS,

fig. 114). Other types of failures would have different

response procedures.

5.5 Verification

Verifying that the required capabilities are provided

by the completed system requires ensuring that the

components that make up the system perform their

required functions. Verification refers to tests or evalua-

tions performed to ensure that equipment will function as

designed when exposed to the flight environment. The
verification methOds that Russian, UIS., and international

partners engineers use are similar, but have some differ-
ences. These methods are discussed in section 5.5.1.

Testing may be performed at different levels, such

as component, assembly, or system. Also, testing may be
performed at different phases of design, such as develop-

ment, qualification, or acceptance. These terms are
defined in sections 5.5.2 and 5.5.3.

Since the ISS will be operational for many years, it

would be possible to perform some verification on orbit.
This is undesirable for numerous reasons and it has been

agreed to complete verification on the ground so that no

on-orbit verification is needed. An example of a verifica-

tion matrix showing the methods used to verify some of

the life support capabilities is shown in table 11. A

detailed verification plan specifies the objectives for

verifying each capability. For more information see

"Environmental Control and Life Support (ECLS)

Architecture Description Document, Volume 3, ECLS

Integration and Planning, Book 1, Verification Plan,"

Revision A, D684-10508-3-1, Boeing, 31 May 1996.



TABLE 11.--An example verification matrix.

Capability

ControlAtmospheric
Pressure

ConditionAtmosphere

Respondto Emergency
Conditions

ControlInternalCO2
andContaminants

ProvideWater

Analysis

q

q

q

,/

Inspection Test

q

Note:Frompresentationby Mo Saiidi,ECLSWorkingGroupmeeting,
3 to 5June1996,JSC.

5.5.1 Verification Methods

Verification of the ISS equipment by Russian

engineers includes one or more of the following methods:

• In-flight testing

• Engineering analysis

• Modeling (with a low-fidelity mockup)

• Verification on the basis of previous test results

or standard use, including previous flight test
results

• Certification for use from previous applications

(technical applicability and legal permission

from the manufacturer)

• In-plant quality control

• Acceptance testing (testing upon delivery from

manufacturer or subcontractor)

• Integrated test facility and launch site testing.

High-fidelity mockups are used for verification, develop-

ing procedures, training, and troubleshooting.

Verification of the ISS equipment by U.S. engineers

includes one or more of the following methods:

• Test (T)--Environmental tests and functional
tests

• Assessment by one or more of the following
methods:

- Analysis (A)--Analytical simulation by

modeling, computer simulation, or other

method including analysis of schematics,

previous test results, or design documenta-
tion.

- Demonstration (D) Physical demonstration

of compliance with requirements.

Similarity (S)---Comparison with a similar

item that was previously qualified to equiva-

lent or more stringent criteria.

Inspection (I)--Visual examination to verify

construction features, workmanship, and

physical condition.

Review of Records (R)---Review of reports
to ensure that procedures were performed as

required, that equipment performs properly,

and that any problems identified during
development have been corrected.

This classification of verification methods is sometimes

shortened to Analysis, Inspection, Test, and Demonstra-
tion.

Verification of the ISS equipment by European

engineers includes one or more of the following methods:

• Analysis/Similarity

• Inspection
• Test

• Review of Design (ROD)

• Demonstration (D).

5.5.2 Verification Levels

During the process of designing and developing a

hardware item, each part must be designed for its particu-

lar function. Prior to assembling, parts are formally or

informally tested to ensure that they will perform prop-

erly. This process is repeated at increasing levels of

complexity as assembly progresses. Generally, verifica-

tion at the system level and above involves reviewing the

results of tests, inspecting of equipment or records,

analyzing of results, or performing additional tests that

are intended to ensure that a flight system meets its design

and performance requirements and specifications. These
levels of complexity may be defined as follows:

• Part--An indivisible item, such as a bolt or
sensor.

• Component--A functional unit made up of parts,

such as a pump or blower.

Assembly--A group of related components

performing a specific function, such as CO2

removal or water processing, sometimes referred

to as a subsassembly.
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Subsystem--Agroupofrelatedassemblies
performinginterconnectedfunctions,suchas
atmosphericrevitalizationorwaterrecovery
andmanagement.A subsystemmaybepackaged
inasinglerack.

System--Ahardware/softwaregroupingthat
performsrelatedfunctionsacrossorwithin
elements,suchasECLS,powerdistribution,
ordatamanagement.

• Element--Amajorunitof a complex, such

as a habitat module or power supply.

Segment (for the ISS)--A group of elements

that are the responsibility of the same country
or consortium.

• Complex--An entire vehicle or habitat, such as
the ISS.

For this document these definitions are used, although

there are exceptions. The Europeans also use similar

terminology. ORU's may be components or assemblies.

For the USOS, limited functional testing to ensure

proper hardware operation is done at the rack level. There

is no requirement to verify the integrated ECLS system,

although testing of the Lab includes the integrated ECLS

system.

5.5.3 Verification Phases

Formal testing generally occurs at specific phases in

the process of designing and fabricating equipment. The

U.S. and European practice is to perform the following
tests:

Development testing--Performed on early

versions of the equipment that perform the
desired function, but which may look different

from the flight versions and be built to less

exacting standards.

Qualification testing--Performed on hardware

identical to the flight hardware to determine

whether the hardware can perform its required
functions under the worst-case environments and

stresses anticipated.

Acceptance testing--Performed under normal

operating conditions to check out the actual

flight hardware and to ensure that it performs

properly.

In addition to testing during the early development,

qualification, and acceptance phases, verification typi-

cally also includes integrated system testing during

prelaunch checkout, during flight operations, and post-

flight.

5.5.4 Verification of ECLS Functions

The final verification of flight equipment is per-

formed by the methods listed in the tables below. Prior

to reaching this phase, the hardware will have been tested

and analyzed numerous times at several phases of de-

velopment. The verification methods used for each
function and element of the RS are shown in table 12.

The verification methods used for each function

and element of the USOS are shown in table 13. The

verification methods used for each function and element

of the APM, JEM, and MPLM are shown in table 14.

Verification methods have not been specified (as of April

1996) for some ECLS functions.
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TABLE 12.--Verification methods for RS ECLS functions.

ECLSFunction

ACS

ControlTotalPressure

MonitorTotalPressure

IntroduceN2

Controlpp02

Monitorpp02

Introduce02

RelieveOverpressure

EqualizePressure

Respondto RapidDecompression

Respondto HazardousAtmosphere

"l_C

ControlAtmosphericTemperature

MonitorAtmosphericTemperature

RemoveAtmosphericHeat

ControlAtmosphericMoisture

MonitorHumidity

RemoveExcessMoisture

Disposeof RemovedMoisture

CirculateAtmosphere

Intramodule

Intermodule

AR

ControlppC02

MonitorppC02

RemoveC02

Disposeof C02

ControlGaseousContaminants

RemoveGaseousContaminants

Disposeof GaseousContaminants

ControlAirborneParticulateContaminants

ControlAirborneMicroorganisms

FOS

Respondto Fire

DetectFire

IsolateFire

ExtinguishFire

RecoverFromFire

WM

AccommodateCrewHygieneandWastes

WRM

ProvideWaterfor CrewUse

MonitorWaterQuality

SupplyPotableWater

SupplyWaterfor HygieneUse

ProcessWastewater

FGB

T,A

T,A

A

I,A

T,A

T,A

T,A

SM

T,A

T,A

A

A

A,I

A

T,A

T,A,S

T,A

T,A
A,I

T,A T,A

T,A T,A

r,A

- A

- I,R

TBD

TBD

TBD

TBD

A

I,R

A

A

TBD

TBD

TBD

IBD

I,A,D

A,T,I

A

A

TBD

Cargo

Flight

Flight

Flight

Flight

Flight

Flight

RM

- indicatesafunctionis not provided.
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TABLE 13._Verification methods for USOS ECLS functions.

ECLSFunction Lab Hab AL Centrifuge Node

ACS

ControlTotalPressure

MonitorTotalPressure

introduceN2
Controlpp02

Monitorpp02

Introduce02

RelieveOverpressure

EqualizePressure

Respondto RapidDecompression

DetectRapidDecompression

RecoverfromRapidDecompression

Respondto HazardousAtmosphere

RemoveHazardousAtmosphere

RecoverFromHazardousAtmosphere

THC

ControlAtmosphericTemperature

MonitorAtmosphericTemperature
RemoveAtmosphericHeat

ControlAtmosphericMoisture

MonitorHumidity
RemoveExcessMoisture

Disposeof RemovedMoisture

CirculateAtmosphere
Intramodule

Intermodule

AR

ControlCO2

MonitorC02

RemoveC02

Disposeof CO2
ControlGaseousContaminants

RemoveGaseousContaminants

Disposeof GaseousContaminants
ControlAirborneParticulateContaminants

ControlAirborneMicroorganisms

FDS

Respondto Fire
DetectFire

IsolateFire

ExtinguishFire
RecoverFromFire

U

AccommodateCrewHygieneandWastes
WRM

ProvideWaterfor CrewUse

MonitorWaterQuality

SupplyPotableWater

SupplyWaterfor HygieneUse
ProcessWastewater

A,T

A,m,I

A,T

A,r, I

A,T

A,T

A,T

A,T

A,T, I, D

A,T,I

- indicatesafunctionis not provided.
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N/A

A,T

A,m,t
A,T

A,T,I

N/A

A,T

A,m,I

A,T

A,T,I

A

A

A,T

A,m,I

A,T

A,T

A,T

A,T

A,T, I, D

A,T

A,r, I

A,T

A,T

A,T

A,T,I

A,T

A,r, i

A

A

A,T

A,T

A,T

A,T

A,T, I, D

A,I, I

A

AI

A

A

A,T,I

N/A

N/A

A
A

A

A,T

A,T

N/A

N/A

A,T,I

N/A

N/A

A,T,I

A,T A,T
A,T A,T

A,T,I,D A,T,I,D



TABLE 14.--Verification methods for APM, JEM, and MPLM ECLS functions.

ECLSFunction

ACS

ControlTotalPressure

MonitorTotalPressure

IntroduceN2

Controlpp02

Monitorpp02

Introduce02

RelieveOverpressure

EqualizePressure

DetectRapidDecompression

Respondto HazardousAtmosphere

RemoveHazardousAtmosphere

RecoverFromHazardousAtmosphere

THC

ControlAtmosphericTemperature

MonitorAtmosphericTemperature

RemoveAtmosphericHeat

ControlAtmosphereMoisture

MonitorHumidity
RemoveExcessMoisture

Disposeof RemovedMoisture

CirculateAtmosphere
Intramodule

Intermodule

M

ControlppC02

MonitorppC02

RemoveCO2
Disposeof CO2

ControlGaseousContaminants

RemoveGaseousContaminants

Disposeof GaseousContaminants
ControlAirborneParticulateContaminants

ControlAirborneMicroorganisms

FDS

Respondto Fire
DetectFire

IsolateFire

ExtinguishFire
RecoverFromFire

AccommodateCrewHygieneandWastes

WRM

ProvideWaterfor CrewUse

MonitorWaterQuality

SupplyPotableWater

SupplyWaterfor HygieneUse
ProcessWastewater

APM

A,T

A,T

A,T,D

A,T, I, D
I

JEM

A,T

A,T

A,T,D

A,T, I,D
I

MPLM

A,T

A,T

A,T,D

A,T,I, D
]

i

- indicatesafunctionis not provided.
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5.6 Failure Detection, Isolation, and Recovery

During periods of maintenance and non-nominal

activity, the RS provides for manual control of automatic

FDIR control processes. The ability is provided to detect

and isolate off-nominal conditions or performance that

may manifest a catastrophic or critical hazard without

removal of equipment from its operating location or the

use of ancillary test equipment. A catastrophic hazard is

any hazard that may cause a disabling or fatal personnel

injury, or cause the loss of, or render unusable, the space

shuttle, Soyuz, or ISS. A critical hazard is any hazard that

may cause a nondisabling personnel injury or illness, or

loss of a major ISS element, on-orbit life sustaining

function or emergency system, or involves damage to the

space shuttle or Soyuz.

See table 15 for a listing of automatic FDIR ECLS

capabilities.

TABLE 15.nECLS capabilities requiring automatic fault

detection, isolation, and recovery (FDIR).

ECLSCapability Failure Isolation/
Detection Recovery

ControlAtmosphericPressure

ControlTotalPressure

ControlOxygenPartialPressure

ConditionAtmosphereand
TemperatureControl

Ventilation

HydraulicLoops

MoistureCollection

ControlInternalC02

ControlC02

ControlGaseousContaminants

ProvideWaterfor CrewUse

q

,/

Note:This tabledoesnotapply to theFGB
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CHAPTER H: THE UNITED STATES ON-ORBIT SEGMENT

AND ITS ENVIRONMENTAL CONTROL

AND LIFE SUPPORT SYSTEM

1.0 Introduction

The ISS USOS provides living and working space for

up to six people in low-Earth orbit. A specialized labora-

tory module provides the capability for long-term

scientific research, primarily in the areas of materials

science, biology, and medicine. Earth observation and

some astronomical research also may be performed.

1.1 The USOS Pressurized Elements

The USOS pressurized elements consist of:

• A laboratory module--the Lab

• A habitation module for three people,

nominally--the Hab*

• Two nodes for connecting the modules--
Nodes 1 and 2*

• An AL

• Three PMA's

• A cupola with windows for viewing external

operations, including EVA's and use of the
robotic arm

• A centrifuge module (planned, but not

yet defined at the time of this writing).*

These elements are installed over a period of 41/2 yr,

beginning in mid-1998. Russian participation allows Lab

operations to begin after Flight 6A, in mid-1999. (The

Russian SM provides some life support functions to the

U.S. modules.) With the installation of the Hab in 2002,

large-scale operations begin. The assembly sequence

relating to ECLSS and the configuration at Assembly

Complete (AC) is shown in chapter I of this report. See

"Chapter I: Overview" for a general description of the

USOS modules and their ECLS capabilities.

During the assembly process some modules, or

components such as PMA's, are initially placed in

temporary locations. Early in the assembly sequence the
MPLM is attached to Node 1 and later to Node 2. Module

repositioning may affect the ECLSS operation. These

impacts, in general, are described in this report. (The

impacts are described in more detail in "Stage Unique
Requirements Reports" for each flight (D684-10199-

flight number) and "Stage Assessment Reports" for each

flight (D684-10239-flight number).)

1.2 The USOS ECLSS Functions

The ECLS functions performed in the USOS are

identified in figure 21, using the standard categories

employed by U.S. ECLSS designers.

* As noted in Chapter 1, due to recent program changes Node 2 and Node 3 (in place of the U.S. Hab) will be built by Italy and the
centrifuge by Japan.
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t Atmosphere Control

and Supply (ACS) L...] /

/N2St°rageandDistributi°n I /
PressureControl I /

PressureEqualization 1___]/

Temperature and _/"

Humidity Control (THC)

CCAA
AAA
IMV
HEPA Filters /
Atmosphere Revitalization (AR)

CO2 Removal
02 Generation
Trace Contaminant Control

Major Constituent Analyzer

CO2 Reduction (May Be Added)

/

/

/
/
/

USOS
ECLSS

1
Water Recovery and [
Management (WRM) J

Water Storage [
PCWQM J

Waste Management (WM)

I CommodeUrinal

Fire Detection and ]Suppression (FDS)

l Sm°ke Detect°rslPBA'sPFE's

Other Functions

-Vacuum System (VS)
- Provide Gasesand Water to Payloads
- Support EVAECLS

FIGURE21.mUSOS ECLSS functions.

2.0 Description of the
USOS ECLSS

The USOS ECLS capabilities are listed in table 16

and the modules where they are performed are identified.

These capabilities are described in section 2.1. The ECLS

functions that are available at Flight 6A and Flight 19A

are listed in table 17. Some of these functions are avail-

able before Flight 6A and Flight 19A. The monitoring and
control consoles are described in section 2.2. Interconnec-

tions between the ECLS systems in different modules are

discussed in section 2.3. Expendable components that

must be resupplied are discussed in section 2.4.
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TABLE 16.--USOS ECLS c_

Capability

AC$

• ControlTotalAtmosphericPressure
- MonitorTotalAtmosphericPressure(3)
- IntroduceNitrogen

• ControlOxygenPartialPressure
- MonitorOxygenPartialPressure
-Introduce Oxygen(6)

• RelieveOverpressure
• EqualizePressure
• Respondto RapidDecompression

- DetectRapidDecompression
- RecoverFromRapidDecompression

• Respondto HazardousAtmosphere
- DetectHazardousAtmosphere(5)
- RemoveHazardousAtmosphere
- RecoverFromHazardousAtmosphere

THC

• ControlAtmosphericTemperature
- MonitorAtmosphericTemperature
- RemoveAtmosphericHeat

• ControlAtmosphericMoisture
- MonitorHumidity
- RemoveAtmosphericMoisture
- Disposeof RemovedMoisture

• ControlAirborneParticulateContaminants
- RemoveAirborneParticulateContaminants

- Disposeof AirborneParticulate
Contaminants

• ControlAirborneMicrobialGrowth
- RemoveAirborneMicroorganisms
- Disposeof AirborneMicroorganisms

• CirculateAtmosphere:lntramodule
• CirculateAtmosphere:Intermodule

M

• ControlCO2

- Monitor CO2 (3)
- RemoveCO2

- Disposeof CO2
• ControIGaseousContaminants

- MonitorGaseousContaminants(5)
- RemoveGaseousContaminants

- Disposeof GaseousContaminants

FDS
• RespondtoFire

- Detecta FireEvent
- IsolateFireControlZone
- ExtinguishFire
- RecoverFromaFire

Lab

q
q

q
`7
,/
,7

,7
,7

q
`7
`7

Hab

_abilities and locations.

NodeI Node2

,7 ,7
X X

,7 (3) `7(3)
X X
X X
`7 ,7

,7 x
,7 x

X X
,7 4
,7 ,7

AL

,7
,7

,7(3)
,7
,7
,7

J PMA

X
X

X

,7(2)

X
q

X
X
X

Centrifuge

TBD

TBD

TBD
TBD
TBD
TBD

TBD

TBD

TBD
TBD
TBD

•,] -,,/ X `7 ,7 X TBD
,7 ,7 X ',,/ `7 X TBD

X X X X X X TBD
,7 ,7 X ,7 ,7 X TBD
,7 ,7 X ,7 ,7 X TBD

,7 ,7 ,7 ,7 ,7 X TBD
q q q ,7 ,7 X TBD

,7 ,7 `7 ,7 ,7 X TBD
,7 ,7 ,7 ,7 ,7 X TBD
,7 ,7 ,7 `7 q X TBD
`7 `7 ,7 ,7 ,7 X TBD

,7 ,7(3) ,7(3) ,7(3) X
,7 X X ,7(4) X
,7 X X ,7(4) X

TBD
TBD
TBD

,7 `7 X X X X TBD
q `7 X X X X TBD

`7 X X X X TBD

,7 ,7 ,7 ,7 ,7 X TBD
,7 ,7 X ,7 ,7 X TBD
,7 ,7 ,7 ,7 ,7 X TBD
,7 `7 X X `7 X TBD

",,/ X X X X TBD
W

• AccommodateCrewHygieneandWastes X
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TABLE 16.--USOS ECLS capabilities and locations (continued).

Capability

WRM(6)
• ProvideWaterfor CrewUse

- MonitorWaterQuality
- SupplyPotableWater
- SupplyHygieneWater
- ProcessWastewater

SupplyWaterfor Payloads

* SupplyVacuumServicesto UserPayloads
- ProvideWasteGasExhaust
- ProvideVacuumResource

EVASupport
• SupportDenitrogenation

- SupportIn-SuitPrebreathe
- SupportCampoutPrebreathe

• SupportServiceandCheckout
- ProvideWater

- ProvideOxygen
- ProvideIn-SuitPurge

• SupportStationEgress
- EvacuateAirlock

• SupportStationIngress
- AcceptWastewater

O_ler

DistributeGasesto UserPayloads

Lab

X
X
X
X
q

X

X

Hab

X
X

q
X
X

NodeI Node2

× ×
X ×
× ×
X X
× ×

X X
× X

× ×
X X

X X
× ×
X X

× ×

X ×

× ×

AL PMA Centrifuge

X X TBD
",/ X TBD
X X TBD
X X TBD
X X TBD

X X TBD
X X TBD

_/ X TBD
X TBD

X TBD
",] X TBD

X TBD

X TBD

(1) X TBD

X X TBD

Notes:

-,/indicatesthata capabilityis provided.
X indicatesthatacapabilityis notprovided.
TBDindicatesthatit is unknownor notyetdeterminedwhethera capabilitywill beprovided.
(1) Wastewateris deliveredto Node1 throughthewastewaterbusandthenis deliveredto theHabfor processingafterHaboutfitting.Priorto Haboutfitting,

thewastewateris storedin thecondensatetankin theLab.

(2) PMA-1 doesnothavea hatchand,therefore,nopressureequalizationcapability.
(3) Atmosphericcompositionis monitoredby theMCA,which is partof theARsubsystemin theLabandHab+TheMCAmonitorsthepartialpressuresof 02,

N2,H2,CO2,andCH4viatheSOS.
(4) Forcampoutonly.
(5) Providedby CHeCS,whichis intheLabinitially.AftertheHabis installed,CHeCSis movedto theHab.CHeCScanbe installedinanymodule.
(6) Waterforelectrolysisto provide02is suppliedby theWRMsubsystemfromthewaterprocessor.

2.1 USOS ECLSS System Design

and Operation

The USOS ECLS system, as shown in figure 22,

consists of several subsystems that work together to

provide the necessary ECLS functions. In addition, the

USOS ECLSS includes vacuum services for payloads

and support for EVA's. Some of the ECLS functions are

performe.,d in a "stand-alone" manner, without requiring

the operation of another subsystem (e.g., fire suppression

and vacuum services), while others involve interconnec-

tions with other ECLS functions (e.g., humidity conden-

sate water is processed for reuse).

The ECLS functional categories and the capabilities

included in each category are identified below. The

functional categories are based on hardware grouping,

while the capabilities are based on tasks to be performed

as described in the USOS Specification. This results in

some overlap where a particular piece of hardware

provides multiple capabilities.

Atmosphere Control and Supply (ACS) includes

monitoring the atmospheric pressure and the ppO 2
(performed by the AR subsystem); storing and adding

N 2 and 02 to the atmosphere; relieving overpressure;
equalizing pressure between adjacent modules; detecting
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TABLE 17.--The major USOS ECLS hardware items and their locations.

Function

AtmosphereControland Supply

Temperatureand HumidityControl

AtmosphereRevitalization

Fire Detection and Suppression

Waste Management

Water Recoveryand Management

Capability or Device

PressureControlAssembly

Flight

" tLab

19A

AL,Hab,Lab

O2/N 2 StorageTanks X AL

PressureEqualizationValves

CommonCabinAir Assembly

AvionicsAirAssembly
HEPAFilters(inall exceptthePMA's)

All HatchesBetweenPressurizedModules

Lab

Lab

Lab,
NodeI

Lab,Hab,AL,
Node2

Lab,Hab

Lab,Hab,
Nodes1 and2,

AL

tntermoduleVentilation Node1, Lab Nodes1 and2,

Lab,Hab

Ventilationonlyfor Node1

CO 2 Removal(by CDRAin Hab
andLab,LiOHin AL)

TraceContaminantControl

MajorConstituentAnalyzer

OxygenGeneration/Supply

CO2Reduction
(InterfaceConnectionsOnly)

FireDetection(SmokeDetectors
in allModulesExceptPMA)

FireSuppression(PFE's
inall ModulesExceptPMA)

Node1

Lab

Lab

Nodet

Commode/Urinal

WaterProcessing

Lab,Hab,AL

Lab,Hab

Lab,HabLab

X Hab

X X

Lab, Lab,Hab,
Node1 Nodes1 and2,

AL

Lab Lab,Hab,
Node1 Nodes1 and2,

AL

X Hab

Hab

Fuel-CellWaterStorage X Lab

CondensateStorage

UrineProcessing

Lab

X

LabBackup

Hab

WaterQualityMonitor X Hab

WaterVents Lab Lab

VacuumServices VacuumExhaust,VacuumResource Lab Lab

Note:X indicatesthatthecapabilityis notpresent.

and recovering from rapid decompression; and detecting,

removing, and recovering from hazardous atmosphere. 0 2

is provided from stored gaseous 02 and by electrolysis of
water.

Temperature and Humidity Control (THC) in-

cludes removing moisture and heat from the atmosphere

by CHX's that remove moisture and heat simultaneously.

Circulation of the atmosphere within each module, vent-
ilation of atmosphere between modules, and removal and

disposal of airborne microbial and particulate contami-

nants are also provided by the THC subsystem.

Atmosphere Revitalization (AR) includes CO 2
monitoring, removal, and disposal; and atmospheric trace

contaminant removal and disposal. The capability to later

add CO 2 reduction may also be provided. Monitoring of
the major atmospheric constituents is considered an AR

function, but the capability requirements are related to

other ECLS functions as well. (Trace contaminant

monitoring is performed by the CHeCS, which is part

of "crew systems" rather than the ECLS.)
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FIGURE22.nUSOS ECLS functional integration (Revision of Figure 2 from D683-40013-1).

Fire Detection and Suppression (FDS) includes

detection of smoke (some combustion gases are detected

by the CHeCS), isolation of fires, the means to extinguish

fires, and the means to recover from fires.

Waste Management (WM) includes the means to

process or stabilize metabolic wastes. The WM subsystem
includes a commode and urinal.

Water Recovery and Management (WRM)

includes monitoring the water quality, supplying potable

water, supplying hygiene water, processing wastewater

(including water recovered from urine) and humidity

condensate, and supplying Water for payloads. The WRM

also vents excess wastewater and includes storage of

condensate, wastewater, and fuel-cell water in the Lab.
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Vacuum Services (VS) include a waste gas exhaust

subsystem to vent waste gases to space and a vacuum

resource subsystem to provide a vacuum source to

experiment payloads.

Extravehicular Activity (EVA) Support includes

preparing astronauts for EVA's by "campout" prebreathe

and in-suit prebreathe; supporting EVA's by supplying

water, 02, and suit purge capability; evacuating the AL;
and accepting wastewater produced during an EVA.

Other capabilities include providing gases (N2)

to user payloads.



2.2 ECLS Monitoring and Control

The ECLSS is operated from Portable Computer
System (PCS) workstations that are used to command,

control, and monitor the USOS systems. The PCS is a

"laptop" computer, as shown in figure 23, which can be

connected via interface ports at various locations. Opera-
tion is controlled by software that is specific for each

system, subsystem, or assembly. In addition, a C&W

panel (shown in fig. 114) provides warning of potentially
hazardous conditions.

2.3 ECLS Interconnections Between

the Elements

The ISS modules are interconnected in numerous

ways. ECLS interconnections include atmospheric

movement through hatchways and ducts which transfers

moisture and thermal energy as well as 02, CO 2, and trace
contaminants; plumbed interconnections for water; and
atmosphere sample collection lines. The ECLS fluid

interconnections through PMA-2 and PMA-3 are shown

in figure 24. The interconnections for the APM, JEM, and

MPLM are shown in chapter III, figures 146, 147, and

148, respectively. The mass and energy flows are listed in
table 18.

[_ _,, 125- N

130 ._ 129

N tN

-!
HPOxygen

HPNitrogen

Fuel-CellWater

FIGURE24.mECLS interconnections through PMA-2
and PMA-3.

There are several types of connectors that are used,

as listed in table 19. Two types are shown in figure 25.
"Jumpers" are hoses or ducts that connect the fluid lines
across the vestibules.

2.4 Logistics Resupply

As much as feasible, regenerable technologies are

used for the ECLSS. Some expendable components are

used, however, and these must be resupplied. The
expendables include filters, trace contaminant sorbent

beds, and other items. The expendable items and replace-
able components are listed in table 20 for each ECLS

function, with the period of replacement.

FICZmE 23. USOS PCS 'qaptop" computer.
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TABLE 18.--ECLS mass and energy flows between modules.

Parameter Node1/IHlab Lab/NodeI Node1/Cupola Lab/Node 2

PartI Document(SSP) 41140 41141 41142 41143

PartIi Document(SSP) 41140 4114t 41142 41143

IMVSupply 18.3-29.5(65-85) 7_2-29.5 (45-85) 7.2-29.5 (45-85) 1&3-29.5 (65-85)

tMVReturn

Nitrogen

Oxygen

Recharge

Nitrogen

Recharge
Oxygen

Wastewater

NominalOnly

Fuel-Cell

Water

Atmosphere

SampleAir

Temperature_°C(°F)

Dewpoint--°C (°F)

Pressure--bar(psia)

PressLoss--Pa (inchof H20)
Min Flowrate---m3/hr(cfm)

Temperature--°C(°F)

Dewpoint--°C (°F)

Pressure_bar (psia)
Min Flowrate_m3/hr(cfm)

Temperature--°C(°F)
Pressure--bar(psia)

Flowrate_kg/hr (Ib/min)

MaxDesignPress--bar (psia)

Temperature--°C(°F)
Pressure_bar(psia)

Flowrate_kg/hr (Ib/min)

MaxDesignPress--bar (psia)

Temperature---°C(°F)

Flowrate_kg/hr (Ib/min)

MaxDesignPress-_bar(psia)

Temperature--_C(°F)

Flowrate--kg/hr(Ib/min)

MaxDesignPress--bar (psia)

Temperature--°C(°F)

Pressure--bar(psig)

MaxDesignPress_ar (psig)

Flowrate--kg/hr(Ib/hr)

Temperature--°C(°F)

Pressure--bar(psig)

Flowrate_g/hr (Ib/min)

Temperature_°C(°F)
Pressure--bar(psia)

Flowrate_scc/min

0.9-1.03 (13.9-15.2)

N/A

N/A

18.3-29.5 (65-85)

0.9-1.03 (13.9-15.2)

203(120)

15.6-45 (60 to 113)

6.3-8.2 (93to 120)

0-0.09 (0-0.2)

13.6(200)

15.6-45 (60 to 113)

6.3-8.2 (93to 120)

0-0.09 (0-0.2)

13.6(200)

-3.9-45 (25to 113)

0-1.4 (0-3)

231 (3,400)

-3.9-45 (25to 113)

0-7.3 (0-16)

72 (1,050)

12.7-45(55to113)
0-0.6(0-8)
5.85(85)
0-0.9(0-2)

18.3-45(65-113)

0-1.4 (0-20)

0-1.8 (0-4)

18.3-29.5(65-85)

0.9-1.03 (13.9-15.2)
100to 400

0.9-1.03 (13.9-15.2)
N/A

N/A

18-29.5 (65-85)

0.9-1.03 (13.9-15.2)

212 (125)

15.6-45(60 to 113)
6.3-8.2 (93tO120)

0-0.09 (0-0.2)

13.6(200)

15.6-45 (60 to 113)

6.3-8.2 (93to 120)

0-0.09 (0-0.2)

13.6(200)

-3.9-45 (25tO113)

0-1.4 (0-3)

231 (3,400)

-3.9-45 (25to 113)

0-7.3 (0-16)

72 (1,050)

12.7-45(55-113)
0-0.6(0-8)
5.85(85)
0-0.90-2)

18.3-45(65-113)
0-1.4(0-20)
0-1.8(0-4)

18.3-29.5 (65-85)

0.9-1.03(13.9-15.2)
100to 400

0.9-1.03 (13.9-I5.2)

37 (0.15)

220(130)

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A
N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

0.9-1.03 (13.9-15.2)

72 (0.29)

212(125)

18.3-29.5 (65-85)

0.9-1.03 (13.9-15.2)

220(130)

15.6-45 (60to 113)
6.3-8.2 (93to 120)

0-0.09 (0-0.2)

13.6(200)

5.6-45 (60to 113)

6.1-8.2 (90to 120)

0-0.09 (0-0.2)

13.6(200)

0-45 (25to 113)

0-1.4 (0-3)

231(3,400)

0-45 (25 to 113)

0-7.3 (0-16)

72 (1,050)

12.7--45(55-113)
0-0.6(0-8)
5.85(85)
0--0.9(0-2)

18.3-45(65-113)

0-1.4 (0-20)

0-1.8 (0-4)

18.3-29.5 (65-85)

0.9-1.03 (13.9-15.2)
100to 400
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TABLE18.--ECLS mass and energy flows between modules (continued).

Parameter

PartI Document(SSP)

PartII Document(SSP)

IMVSupply Temperature--°C(°F)

Dewpoint--°C (°F)

Pressure---bar (psia)

PressLoss--Pa (inchof H20)
MinFlowrate--m3/hr(cfm)

IMVReturn Temperature--°C(°F)

Dewpoint--°C (°F)

Pressure--bar(psia)

Min Flowrate--m3/hr(cfm)

Nitrogen Temperature--°C(°F)

Pressure--bar(psia)

Flowrate_kg/hr (Ib/min)

MaxDesignPress--bar(psia)

Oxygen Temperature--°C(°F)

Pressure--bar(psia)

Flowrate_kg/hr (Ib/min)

MaxDesignPress--bar(psia)

Recharge

Nitrogen

Temperature--°C(°F)

Flowrate_kg/hr (Ib/min)

MaxDesignPress--bar (psia)

Recharge

Oxygen
Temperature--°C(°F)
Ftowrate--kg/hr(Ib/min)

MaxDesignPress---bar (psia)

Wastewater

NominalOnly

Temperature--°C(°F)

Pressure--bar(psig)

MaxDesignPress--bar(psig)

Flowrate_kg/hr (Ib/hr)

Fuel-Cell

Water
Temperature_°C(%)

Pressure--bar(psig)

Flowrate_kg,/hr(Ib/min)

Atmosphere

SampleAir

Temperature--°C(°F)

Pressure--bar(psia)
Flowrate_scc/min

Nodel/AL

41145

41145

18.3-26.7 (65--80)

0.9-I.03 (13.9-15.2)

117(0.48)

195(115)

18.3-29.5 (65-85)

0.9-1.03(13.9-15.2)
N_

15.6-45(60-I 13)
6.3-8.2(93-120)
0-0.09(0-0.2)
13.6(200)

5,6-45 (60-113)

6.5-8.2 (95-120)

Node2/Centrifuge

41147

41147

18.3-29.5 (65-85)

0.9-1.03 (13.9-15.2)

62 (0.25)

220 (130)

18.3-29.5(65-85)

0.9-1.03 (13.9-15.2)

204(120)

15.6-45 (60to 113)

6.3-8.2 (93to 120)

0-0.09 (0-0.2)

13.6(200)

5.6-45(60to113)
6-8.2(88-120)

Node2/APM

41150

42001

18.3-29.5(65-85)

0.9-1.03 (13.9-15.2)

117(0.71)

220(130)

18.3-29.5 (65-85)

125(0.5)

237 (140)

15.6-45 (60 to 113)

6,3-8.2 (93to120)

0-0.09 (0-0.2)

13.6(200)

N/A

N/A

0-0.09 (0-0.2)

13.6(200)

0-45 (25-113)

0-1.4 (0-3)

231 (3,400)

0-45 (25-113)

0-7.3 (0-16)
72 (1,050)

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NIA

NIA

NIA

N/A

N/A

N/A

15.6-45(60-113)

0-o.8(0-8)
5.85(85)
0-0.23 (0-0.5)

N/A

N/A

N/A

18.3-29.5 (65-85)

0.7-1.03 (10.2-15.2)
100to 400

12.7-45 (55-113)

o-0.6(o-8)
3.1(45)

0-0.23 (0-0.5)

18.3-45 (65-113)

0-1.4 (0-20)

0-1.8(o--4)

18.3-29.5(65-85)

0.9-1.03 (13.9-15.2)
100to 400

12.7-45 (55-113)

o-o.6(0-8)
3.1(45)

0-0.23 (0-0.5)

N/A
N/A

NIA

18.3-29,5 (65-85)

0.9-1.03 (13.9-15.2)
100to 400

Node2/JEM

41151

42000

7.2-29.5 (45-85)

0.9-1.03(13.9-15.2)

115(0.46)

237 (140)

18-29.5(65-85)

137(0.55)

237(140)

15.6-45 (60to 113)

6.3-8.2 (93to 120)

0-o.o9(0-o.2)
13.6(200)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

12.7-45 (55-113)

o-0.6(0-8)
3.1(45)

0-0.23 (0-(3.5)

NIA

N/A

N/A

117.2-45(63 to113)

0.7-1.03 (11-15.2)
0to 400
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TABLE 18.--ECLS mass and energy flows between modules (continued).

Parameter ISPR Node2/MPLM Node2/P2:U/P2:H/P3:Node1/P3 PMA-1/FGB
==

PartI Document(SSP) 41152 42007 42097 42121

PartII Document(SSP) 41002 42007 42097 42121

IMVSupply 7.2-29.5 (45-85)

IMVReturn

Nitrogen

Oxygen

Recharge
Nitrogen

Recharge

Oxygen

Wastewater

NominalOnly

Fuel-Cell

Water

Atmosphere

SampleAir

Temperature--°C(°F)

Dewpoint--°C (°F)

Pressure--bar (psia)

PressLoss--Pa (inchof H20)
Min Flowrate--rn3/hr(cfm)

Temperature--°C(°F)

Dewpoint--°C (%)
Pressure--bar(psia)

MinFlowrate--m3/hr(cfm)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

0.9-1.03 (I3.9-15.2)

229(0.9)

229(135)

18.3-29.5 (65-85)

174(0.7)

229(135)

18.3-29.5 (65-85)

0.9-1.03 (13.9-15.2)
N/A

229-246 (135-145)

18.3-29.5 (65_35)

N/A

229-246 (135-145)

Temperature--°C(°F)
Pressure---bar(psia)

Flowrate--kg/hr (Ib/min)

Max DesignPress_ar (psia)

Temperature--°C(°F)
Pressure--bar (psia)

Flowrate_g/hr (Ib/min)

MaxDesignPress--bar(psia)

Temperature--°C(°F)

Flowrate---kg/hr(Ib/min)

MaxDesignPress--bar(psia)

Temperature--°C(°F)

Flowrate--kg/hr(Ib/min)
MaxDesignPress--bar(psia)

Temperature--°C(°F)
Pressure--bar(psig)

MaxDesignPress--bar (psig)

FIowrate--kg/hr(Ib/hr)

Temperature--°C(°F)
Pressure---bar(psig)

Flowrate--kg/hr (Ib/min)

Temperature--°C(°F)

Pressure--bar (psia)

Flowrate--scc/min

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A
N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
NIA

N/A

N/A

N/A

N/A

N/A

N/A
N/A

N/A

N/A

0-45 (25to 113)

0-1.4 (0-3)

231(3,400)

0-45 (25to 113)

0-7.3 (0-16)

72 (1,050)

N/A

N/A

N/A

N/A

18.3-45(65-113)
0-1.4(0-20)
0-1.8(0-4)

N/A

N/A

N/A

18.3-29.5 (65-85)

0.9-1.03 (13.9-15.2)
0 to 400

N/A
N/A

N/A

18.3-28 (65-82.4)

4.4-13.9 (40-57)

0.9-1.03 (13.9-15.2)

I (0.004)
215-251 (127-148)

18.3-29.5 (65-85)

N/A

215-251 (127-148)

N/A
N/A
N/A
N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
N/A

N/A
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TABLE 18.--ECLS mass and energy flows between modules (continued).

Parameter Node1/PMA1 ISSA/PBA Shuttleto PMA

PartI Document(SSP) 42122 50104 NSTS-21000-IDD

PartII Document(SSP) 42122 N/A N/A

tMVSupply

IMVReturn

Nitrogen

Oxygen

Recharge

Nitrogen

Recharge
Oxygen

Wastewater

NominalOnly

Fuel-Cell
Water

Atmosphere

SampleAir

Temperature--°C(°F)

Dewpoint--°C (°F)

Pressure--bar(psia)

PressLoss--Pa (inchof H20)
MinFlowrate--m3/hr(cfm)

Temperature--°C(°F)

Dewpoint--°C (°F)

Pressure---bar(psia)

Min Flowrate---m3/hr(cfm)

18.3-29.5(65-85)

N/A

N/A
229-246 (135-145)

18.3-29.5 (65-85)

N/A

229-2469135-145)

7N/A

N/A

N/A

N/A

N/A

N/A

N/A

12.8-29.4(55-85)

N/A

N/A
64.8-99 (38-58)

18.3-29.5 (65-85)

N/A

64.8-99 (38-58)

Temperature--°C(°F)

Pressure--bar(psia)

Flowrate_kg/hr (Ib/min)

MaxDesignPress--bar(psia)

Temperature--°C(°F)

Pressure--bar(psia)

Flowrate--kg/hr(Ib/min)

MaxDesignPress--bar(psia)

Temperature--°C(°F)

Flowrate_kg/hr (Ib/min)

MaxDesignPress--bar (psia)

Temperature--°C(°F)

FlowrateBkg/hr(Ib/min)
MaxDesignPress--bar(psia)

Temperature--°C(°F)

Pressure--bar(psig)

MaxDesignPress--bar(psig)

Flowrate--kg/hr(Ib/hr)

Temperature_°C(°F)

Pressure--bar(psig)

Flowrate_kg/hr (Ib/min)

Temperature--°C(°F)

Pressure--bar(psia)
Flowrate--scc/min

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
N/A

N/A

15.6-45(60 to 113)

4.8-8.2 (70-120)

0-0.09 (0-0.2)

13.6(200)

N/A

N/A

N/A

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

-3.9-45(25to113)
0-1.4(O-3)
231(3,400)

-3.9-45 (25to 113)

0-7.3 (0-16)
72 (1,050)

N/A

N/A
N/A

N/A

18.3-45(65-113)
0-1.4(0-20)
0-1.8(0-4)

N/A

N/A

N/A
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TABLE 19.--Vestibule fluid feedthroughs and jumpers.

Interface Hardware Description

ThreadedFluid Fitting Feedthrough

Self-Sealing Quick Disconnect(QD)
Feedthrough

IMV Module Interfaces

Flex HoseAssembly

SampleLine Module Interfaces

This feedthroughconsistsof afittingthat is threadedat bothends,with aflange
havingtwoO-ringseals.This fitting is insertedthroughaD-holein thebulkhead
andsecuredwith ajam-nut.Avestibulejumperwithathreadedfitting connectsto
thisfeed-through.Thistypeof feedthroughis usedfor permanentmodule
interfaces.

Thisfeedthroughconsistsofa fittingthatis threadedatoneendandhasaQDfitting
attheother,with aflangehavingtwoO-ringseals.This fitting is insertedthrougha D-
hole in thebulkheadandsecuredwithajam-nut.A vestibulejumperwitha QDfitting
connectsto thisfeedthrough.This typeof feedthroughis usedfortemporarymodule
interfaces,suchasbetweentheMPLMandNode2.

IMVjumpersarehard,sound-attenuatingductswith halfof aV-bandcouplingoneach
end.

FlexiblehosesareusedforjumpersotherthantheIMVjumper.Theflexhosesare
TeflonTM witha braidedNomexTM cover.A threadedfittingor QDis attachedateach
endof aflexhoseto makea jumper.

Samplelinejumpershavenon-self-sealingQD'sat eachend,for permanentand
temporarymoduleinterfaces.
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Installed

ThreadedFitting

AcliveBerthing
MechanismBerthingPlate

/-- ThreadedFtuid/

_ Fitting

Jam-.ut--7'i

(A): Threaded Fluid Fifling Feedthrough

Installed

ThreadedFluid
Fitting

AcliveBerthing
MechanismBerthingPlate

FemaleQuickJ
DisconnectHalf

Removed

FlangedMale Quick
Disconnect Half _Jam-Nut

(B): Self-Sealino Quick Disconnect Feedthrough

I_cuRE 25.--USOS vestibule fluid connectors.

?]



TABLE 20.--USOS ECLS components.
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TABLE20.--USOSECLS components (Continued).
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TABLE 20.uUSOS ECLS components (Continued).

74



t
IF

TABLE 20.--USOS ECLS components (Continued).
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3.0 ECLS Technologies
The subsystems and the technologies that perform

the ECLS functions on the USOS are described in this

section.

3.1 Atmosphere Control and Supply
(ACS)

The ACS subsystem performs the following
functions:

• Pressure control and monitoring to maintain

atmospheric pressure and composition by:

- Controlling ISS atmospheric total and

O2/N 2 partial pressures.

- Providing over- and under-pressure relief
of a module.

- Providing the capability to evacuate

the atmosphere of a single module.

- Providing manual pressure equalization

capability at module interfaces.

Internal distribution of 0 2 and N 2 to ISS
systems, crew, and payload interfaces at the

desired temperatures, pressures, and flowrates.

The ACS system interfaces are shown in figure 26 and the

distribution of the ACS subsystem throughout the USOS

is shown in figures 27 through 33.

' pply, N2 Su ,
L ....... I

_120 Vdc
EPS

Structures IN__ 2

CHeCS

External

02/N2
Storage _

ACS

Monitor

C&DH

ITCS

User/

Payload

EVA Suit

Umbilical

AR

WRM

FIGURE26.--ACS subsystem interfaces.
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FIGURE27.mACS subsystem.



Node I

RSA ]

Adaptor J

(PMA-ly
A _
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[Z

N1Z IStowage1

Hab

Cupola

[]
02

N2

NIP

Airlock

FIGURE28.--ACS subsystem (continued).
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Cupola

FIcuaE 29.--ACS subsystem (continued).
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F_ctn_ 31--ACS subsystem (continued).
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CentrifugeScar

MPLM

Node 2

N2P
[] ODCU's

o_
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DDCU's i| I DDCU's

JEM

APM

FIGURE32.--ACS subsystem (continued).

The ACS consists of the following components:

(1) Pressure Control Assembly 0PCA)

The PCA monitors and controls total habitat pressure

by controlling 0 2 and N 2 partial pressures. It provides for
controlled venting to space and provides controlled re-

pressurization capability. One PCA per module is located
in the Lab, Hab, and AL modules. The PCA is shown

schematically in figure 34.

The PCA consists of four major components:

Pressure Control Panel (PCP), which includes:
- A firmware controller

- A cabin pressure sensor

- One each 02 and N 2 line pressure sensor

- One each 02 and N 2 isolation valve (OIV
and NIV)

- An O2/N a discharge diffuser

- Two O2/N 2 flow restrictors
Vent and Relief Valve (VRV) assembly

Overboard vent

• PCA application software.

The PCA performs seven major functions:

82

• Cabin pressure monitoring

• O2/N 2 introduction

• Emergency vent

• Controlled depressurization

• Controlled repressurization

• Space vacuum access

• Positive Pressure Relief (PPR).

2

The PCE shown schematically in figure 35, controls

the total atmospheric pressure and the partial pressures

of 02 and N 2. The flow restrictors limit the maximum

flowrate of 02 or N 2 into the atmosphere to 0.09 kg/min
(0.2 Ib/min). The PCP sends a signal through a multi-

plexer/demultiplexer (MDM) to the onboard computer.
Control of the vent and relief valves is also from the PCE

The PCP mass is 11.2 kg (24.8 lb).

The PCP firmware controller provides electrical

power distribution and data processing for the PCA.
All PCA sensors interface to the PCA firmware controller

and all PCA valves are electrically actuated by the PCA
firmware controller.
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FI6UR_ 33.--ACS subsystem (continued).
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SpaceVacuum _ OverboardVent.J I..
Debris Shield

PressureShell

CabinAtmosphere .

OffN2_ DischargeDiffuser

i ....................... P_essure"Cont'rol'Pane_"

-, 1:3-1:11........................

* *= LiEJAr

(_2 I_2 1553B ""

l i i Port Jumper.....
I CalVinAir

_J_ Sensor/Effector
120 V

J
J

CPS CabinPressureSensor

VRIV Ventand Relief Isolation Valve

VRCV Vent and Relief ControtValve

OIV OxygenInterfaceValve

NIV Nitrogen InterfaceValve

P PressureSensor

Fm_m_ 34.--ACS PCA and vent/relief valve assembly.

(2) 0 2 and N 2 Storage and Distribution

The 0 2 and N 2 storage and distribution hardware
consists of storage tanks, valves, QD's, and distribution

lines to permit controlled delivery of pressurized 0 2

and N 2 to the required locations in the ISS. The gases
are stored in high-pressure tanks externally mounted on

the AL, as shown figure 31 for the AL ACS.

the high-pressure tank can be represurized with the high

pressure 02 compressor or be replaced. 02 is introduced
to the cabin atmosphere at a nominal rate of 0.84 kg/

person/day (1.84 lb/person/day) to maintain the ppO 2

above 19.5 kPa (2.83 psia). The flowrate is 0.045 to 0.91

kg/min (0.1 to 0.2 lb/min).

0 2 Tank Repressurization

There are two tanks each for 0 2 and N 2 that are
about 0.91 m (36 in) in diameter and 1.4 m (55 in) long.

Each tank has a volume of 425 L (15 ft3), and contains

about 91 kg (200 Ib) of either N 2 or O 2 at 20.7 MPa
(3,000 psia). The tanks have a service life of 10 yr, with

a minimum of 10 launches in that period. These tanks are

refilled from a space shuttle docked to either space shuttle

docking port. One 02 tank is considered to be the high-

pressure tank and the other the low-pressure tank. Any
tank location can have high-pressure or low-pressure

tanks. The low-pressure tank can be refilled from the

space shuttle (which stores 02 cryogenically), whereas

The 02 Recharge Compressor Assembly (ORCA) is
located on the ceiling platform, and eliminates or greatly

reduces the need for O 2 tank replacement, by compressing
02 boiled off from the space shuttle 02 tarlks, thereby

resulting in a logistics savings. The ORCA has the

following characteristics:

• Mass

- 102 kg (225 Ib)

• Power Consumption

- 1,000 W maximum continuous
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• Dimensions
- 61cmlengthby53cmwidthby48cm

height(24inlengthby21inwidthby19in
height)

• NoiseGeneration
- 65dBmeasured0.6m(2ft)away

• PumpingVolume
- 1.8kg/h(4lb/h)(58strokes/min)

• Lifetime
- Similarunitshaveoperatedsafelyand

reliablyformorethan20years

Formainteriance,the02compressorismadeoftwo
parts:ModuleA andModuleB,asshowninfigure36.
ModuleAconsistsofthecompressionheads,crankcase,
andsealedoilreservoirs;andabattery-poweredcycle
countertomonitorservicelife.ModuleAhasamassof
23to34kg(50to75lb),dimensionsof21by31by
62cm(8by12by24in),andanoperationallifeof
100,000to200,000cycles.ModuleAisreturnedtoEarth
forservicing.ModuleBconsistsofthemotor,geardrive,
andbaseplate;andhasamassof45to68kg(100to
150lb)anddimensionsof 23by31by46cm(9by12by
18in). ModuleBrequiresservicinglessfrequentlythan
ModuleA.

Safetyfeaturesinclude:

• Sealed,O2-compatiblelubrication

• Triple-redundantdiaphragms

• Explosion-proof,brushlesselectricmotorand
controlsforoperationinanO2-enrichedenviron-
ment.

• Mufflers/isolationtofurtherreducethe65dB
noise/vibration

• Verysmallgasvolume(minimalstoredenergy)

Theinterfacesandconditionsarelistedintable21.
All interfacesareontheORCA.All flexibleconnections
(flexhoses,cables,etc.)aresuppliedontheALsideofthe
interface.

02 Tank Replacement

Replacement would be according to the following
scenario:

• When the high-pressure tank is installed it is

at 20.7 MPa (3,000 psia).

In operation the nominal gas transfer quantity is
about 27 kg (60 lb) per flight (5 to 6 h transfer duration)

with a maximum of 91 to 136 kg (200 to 300 Ib) per

flight. It is recommended to operate the 02 compressor
only when no one is in the AL, and with the hatch closed.

The preferred operational approach is to top off the tanks

each flight rather than once/yr.

As long as feasible, gas is supplied by the low-

pressure tank unless higher pressure is needed

and gas must be supplied by the high-pressure
tank.

02in

N2 in

j- NIV Manual Override

_.____i_ ________.,_ with Guard

_ _" _ OIV Manual Override

J4 Signal_'_ _ II

J3 DataBus--/ _ _ _J2Power
A & B Mot/Act

FIGURE35.--ACS PCP.
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TABLE 21.---ORCA interfaces and conditions.

AJJORCAOz Interfaces

Pressure,MPa (psia) Temperature,°C (°F)

Input 3.4to 7.2(500to 1050) -4 to 45 (25to 113)

Output
=

MinimumFlowRate

MaximumFlowRate

20.7 (3000)maximum 32(90)maximum

2.3 kg/hat 29 °C and5.5MPain, and32°Cand18.6MPaout( 5 Ib/hat 85 °F and800psia in,and90°F and2700psiaout)

7.3kg/h(16 Ib/h)

AIJORCAAir Interfaces

Input

Metric USCustomary

Temperature

MaximumFlowRate

7.2to 18.3°C (requiresALtemperaturesetpointto be
at 18.3°C)

4245L/minwith headriseof 7.6mm H20(assumes
0.9m flexhosefrompanel)

45to 65°F (requiresAL temperaturesetpointto beat
65°F)

150cfmwith headriseof0.3 in H_O(assumes3 ft flex
hosefrompanel)

Output

MaximumHeatLoad 1000W 1000W

When the low-pressure tank is empty, valves

and gas lines in the AL are reconfigured so that

the high-pressure tank becomes the "new" low-

pressure tank.

The old low-pressure tank is removed and a new

high-pressure tank is installed at that location.

(3) Manual Pressure Equalization Valve (MPEV)

MPEV's are located in all the hatches and are used

to equalize pressure in two adjacent pressurized modules

prior to opening the hatch between them. MPEV's can
also be used to collect atmosphere samples from, and to

measure the pressure in, a module prior to opening the

hatch by using specially designed MPEV sampling ad-

apters. An MPEV is shown schematically in figure 37.

(4) Nitrogen Interface Assembly (NIA)

The NIA pressurizes the accumulator in the ITCS

pump package assembly. One NIA is in the Hab, two are

in the Lab, and two are in Node 2. The NIA's in the Lab

and Node 2 serve the ITCS Low-Temperature Loop (LTL)

and Moderate-Temperature Loop (MTL). The NIA in the
Hab serves the ITCS LTL.

(5) Airlock Air Save Pump Package

The AL air save pump package is provided by the

Russians and is located in the AL. It reduces the pressure

in the entire AL from 101.3 to 70.3 kPa (14.7 to 10.2 psia)

for the EVA campout prior to EVA's. For EVA's, it will

pump down the crew lock to 3.4 kPa (0.5 psia).

3.1.1 Control Total Atmospheric Pressure

The function of controlling the total atmospheric

pressure includes monitoring the pressure and adding

N 2 to make up for leakage and other losses.

3.1.1.1 Monitor Total Atmospheric Pressure

The total pressure of the Lab, Hab, and AL atmos-

phere is monitored by the PCA for control purposes.
The pressure is monitored in the range of 0.0 to 110.6 kPa

(16.0 psia) with an accuracy of ± 0.07 kPa (0.01 psia) or

better. Measurements are updated once each second. If the

habitat atmospheric pressure drops below 95.8 kPa (13.9

psia) for longer than 3 min, the crew will be alerted within
1 min.
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FIGURE 36.mO 2 Compressor Modules A and B.
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FIGURE 37.mMPEV.
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The pressure sensor, shown in figure 38, has a

pressure transducer that is a homogeneous quartz struc-

ture with a pressure-sensitive diaphragm that acts as a

variable capacitance in an oscillator circuit. The oscilla-

tion frequency is converted to a digital signal. The pres-

sure readings are temperature compensated.

FIGURE38.--Cabin atmospheric pressure sensor.

3.1.1.2 Introduce Nitrogen

Controlled release of gaseous N 2 into the atmosphere

is used to maintain and restore pressure lost due to normal

leakage, EVA's, and other loss of atmosphere to space.

Gaseous N 2 is supplied to the Lab, Hab, and AL for this
purpose. Remote and manual on/off control of the intro-

duction of N 2 into the atmosphere is provided. The rate of
flow is 0.045 to 0.091 kg/min (0.1 to 0.2 lb/min). The

capability is present to maintain the total atmospheric

pressure greater than 97.8 kPa (14.2 psia), though the N 2
partial pressure is not to exceed 80.0 kPa (11.6 psia) and

the total pressure is not to exceed 102.7 kPa (14.9 psia).

The Lab is capable of maintaining the atmospheric pres-

sure for the entire ISS when in an open-hatch, active-IMV

configuration, or in the Lab when in a closed-hatch,

closed-IMV configuration. Beginning with Flight 7A,

transfer lines from the tanks on the AL to PMA-2 (and

PMA-3, later) allow for recharging the tanks from the

space shuttle. These are 23.4 MPa (3,400 psia) lines.
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3.1.2 Control Oxygen Partial Pressure

The function of controlling the ppO 2 includes mon-

itoring the ppO 2 and adding 0 2 to make up for consump-
tion, leakage, and other losses.

3.1.2.1 Monitor Oxygen Partial Pressure

The ppO 2 in the atmosphere is monitored by the

MCA for control purposes. 0 2 is monitored in the
range of 0 to 40.0 kPa (0 to 5.8 psia) with an accuracy

of +2 percent of full scale. Atmosphere samples from

adjacent modules are provided to the Lab or Hab for

analysis.

3.1.2.2 Introduce Oxygen

Controlled release of gaseous 02 into the atmosphere
is used to maintain and restore pressure lost due to normal

leakage, EVA's, and other loss of atmosphere to space.

Gaseous 02 is supplied to the Lab, Hab, and AL for this
purpose. Remote and manual on/off control of the intro-

duction of 0 2 into the atmosphere is provided. The rate
of flow is 0.045 to 0.091 kg/min (0.1 to 0.2 lb/min). The

capability is present to maintain the ppO 2 above 19.5 kPa

(2.83 psia), though the ppO 2 is not to exceed 23.1 kPa
(3.35 psia) or 24.1 percent by volume. The Lab, Hab, or

AL is capable of maintaining the ppO 2 for the entire ISS
when in an open-hatch, active-IMV configuration. Begin-

ning with Flight 7A, transfer lines from the tanks on the

AL to Node 1 to PMA allow for recharging the tanks

from the space shuttle. The transfer lines in the AL are

20.7 MPa (3,000 psia) lines, and the transfer lines in

Node 1 and other modules are 7.23 MPa (1,050 psia)
lines.

3.1.2.2.1 Oxygen Supply/Generation Assembly

Oxygen is supplied from storage tanks or generated

in the Hab by electrolyzing water. Until the Hab is

installed, 02 is provided primarily from the Russian
Segment, but also from storage tanks or from the space

shuttle. A compressor in the AL is used to compress "boil-

off" from the 02 tanks in a docked space shuttle and

recharge the high pressure 0 2 tank on the AL.

3.1.2.2.1.1 Oxygen Generation Assembly

(OGA) Design

The basic water electrolysis process is shown

schematically in figure 39. The detailed design has

not been determined as of this writing.
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FIGV-aE39.--Water electrolysis for oxygen generation.

3.1.2.2.1.20GA Operation

The rate of 0 2 production is adjustable based on the
consumption rate. Features of the system include control

by system software and the capability of day/night orbital

cyclic operation for night-side power savings.

3.1.2.2.1.30GA Performance

The rate of 0 2 generation is 5.25 HEU, sufficient for
four people, biological specimens, and normal atmos-

pheric losses with day/night cycling. During continuous

operation (no day/night power cycle) the capability to

support seven people and biological specimens is pro-

vided (8.25 HEU total).

3.1.3 Relieve Overpressure

The maximum internal-to-external differential

pressure is controlled to be less than 104.8 kPa

(15.2 psid). Venting of the atmosphere can occur when

the pressure is 103.4 kP a (15.05 psia). The VRV (part

of the PCA as shown in fig. 34) is shown in fig. 40.
The VRV includes two valves mounted in series in a

single housing: the Vent/Relief Isolation Valve (VRIV)

and the Vent/Relief Control Valve (VRCV). Each valve

is independently powered and controlled. The VRV is
5.6 cm (2.2 in) in diameter and includes an intake de-

signed to preclude blockage of the flow passage with

debris. The internal VRV flow passage is a straight cylin-

drical path that minimizes the possibility of internal flow
restriction due to icing. The VRV mounts directly to the

gore panel of the primary module structure. The VRV

assembly attaches to the gore panel feedthrough with a

V-band clamp. The mass of the VRV is < 5.5 kg (12 lb)

and the power consumption is less than 30 W when both

valves are operating. Leakage is < 72 scc/hr. The esti-

mated life is 25,000 cycles. The VRV can operate over a

pressure range of 104.7 kPa (15.2 psia) to space vacuum.

An overboard vent is located downstream of the VRV

and provides a 6.4 cm (2.5 in) diameter flow path for dis-

charging vented gases. As shown in figure 41, the over-

board vent consists of a 90-degree elbow, a duct assembly,

and a non-propulsive vent. The non-propulsive vent has a
22.9 cm (9 in) long throat and a perpendicular 15.2 cm

(6 in) diameter disk that causes the gases to be discharged

in a full 360-degree arc.

For launch, overpressure and underpressure is re-

lieved by pneumatic valves that are located in the holes

for the MPEV and IMV valves, respectively. These valves

are replaced, on orbit, with the MPEV and IMV valves.

3.1.4 Equalize Pressure

Pressure equalization is performed using the MPEV
to release atmosphere from a higher-pressure module

through the hatch into an adjacent lower-pressure module.
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3.1.4.1 MPEV Design

The MPEV is shown in figure 37. The module side of

the MPEV incorporates a screen, a vacuum access jumper
port, and a port cap. The jumper port allows for the temp-

orary connection of a vacuum access jumper. The MPEV

inlet port will interface with a standard 2.54 cm (1 in)
nonmetallic hose.

3.1.4.2 MPEV Operation

The MPEV is manually operated from either side of

the valve and remains in the last position selected. An in-

dicator shows the position of the valve (open, closed, or

intermediate). The MPEV is designed to operate for at

least 3,650 full-closed to full-open to full-closed cycles.

3.1.4.3 MPEV Performance

The pressure differential between adjacent pressur-

ized modules can be equalized from a high on one side

of 102.7 kPa (14.9 psia) to a low on the other side of

97.2 kPa (14.1 psia), to less than 0.07 kPa (0.01 psid)

within 180 sec when initiated by the crew.

3.1.5 Respond to Rapid Decompression

The capability to detect and recover from rapid

atmospheric decompression (such as caused by a meteor-

oid impact) is provided. In the event of a module depres-

surization the instrumentation and software would likely

detect this before the crew would. There are separate

alarms for excessive dP/dt and for low pressure. There

is also a "AP" button on the C&W panel (shown in

fig. I 14) for crew activation of the alarm. The following
actions would be automatically initiated:

• IMV valves closed and the IMV fan switched

off.

• All external vents closed:

- Water vent valves in the Lab

- CO 2 vent valves in the Lab
- Payload vacuum valves in the Lab

- PCA relief valves in the Lab, Hab, and AL

• All 02 and N 2 introduction valves closed.

• CO 2 removal assembly commanded to standby

(CO 2 vent closed) or off.

Additional actions that may be performed include:

• Position the SDS valves to prevent atmosphere

leakage into depressurizing modules:

- Leak location may require crew action

versus automatic response

- Command the MCA to standby.

Switch off hardware if the pressure drops to a

specified level. Of concern is the AR hardware,

especially fans.

3.1.5.1 Detect Rapid Decompression

Rapid decompression is detected by the firmware

controller based on measurements from the cabin pressure
sensor.

3.1.5.2 Recover From Rapid Decompression

The ability to repressurize from a total pressure of

86.2 kPa (12.5 psia) to 95.8 to 102.7 kPa (13.9 to

14.9 psia) and an O 2 partial pressure of 19.5 to 23.1 kPa
(2.83 to 3.35 psia) within 75 hr is also present, provided

that there is sufficient 02 and N 2 available in the storage
tanks. In modules where there are no direct gas line

connections to the storage tanks, the MPEV's are used

for repressurization.

3.1.6 Respond to Hazardous Atmosphere

During emergency situations, such as contamination

of the atmosphere, provisions are in place to ensure sur-

vival of the crew. The immediate response for the crew is

to don the PBA's, shown in figure 42. The automated re-
sponse is similar to that for a fire (see section 3.4):

• All USOS IMV valves are closed and fans
switched off.

• All cabin atmosphere ventilation is switched off.

• The 4BMS is switched to standby or off (since

the ventilation system must be operating for the

4BMS to function properly).

• Further action must be performed by the crew or

Ground Control to locate and clean up the toxic
release.
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PBA'sarefacemaskswithan02supply.Two
PBA'sareprovidedintheLabandHab,andoneinthe
AL,Node1,andNode2.EachPBAprovidesa12to
15minportable02supplyforeachcrewmember.In
addition,a1hr02supplyisprovidedforeachapparatus,
through02ports.Twoportsarelocatedineachmodule.
(SeeSSP50104formoreinformation.)

3.1.6.1 Detect Hazardous Atmosphere

In the Lab, the VOA detects Volatile Organic Com-

pounds (VOC) in the atmosphere and alerts the crew if

the concentration of any organic compound of interest

exceeds the 7-day SMAC. The VOA uses a Gas Chro-

matograph/Ion Mobility Spectrometer (GC/IMS), as

shown in figures 43 and 44, to detect selected organic

compounds at concentrations of interest. This capability

is provided by the CHeCS. (See also "A Volatile Organic
Analyzer for Space Station: Description and Evaluation of

a Gas Chromatograph/Ion Mobility Spectrometer," paper
921385, 22nd International Conference on Environmental

Systems, 13 to 16 July 1992.)

i

In the Other modules, the crew detects hazardous

conditions by the sense of smell or another sense. Some

automated capability is provided by the MCA, which

monitors for some hazardous gases (H 2 and CI-14). Also,
the FDS smoke detectors detect the presence of airborne
particulates.

3.1.6.2 Remove Hazardous Atmosphere

Removal of toxic contaminants can be achieved

by venting the atmosphere. This can be done either by
the crew or remotely from Ground Control. The atmos-

phere can be vented to space to achieve a pressure of

< 2.76 kPa (0.4 psia) within 24 hr. The requirement is

also levied to achieve a ppO 2 of < 6.89 kPa (1.0 psia)

within 10 min. The procedure for venting atmosphere
is described in section 6.4.
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3.1.6.3 Recover From Hazardous Atmosphere

To restore a safe atmosphere, the Lab can be repres-

surized from space vacuum to a total pressure of 95.8 to

102.7 kPa (13.9 to 14.9 psia) and a ppO 2 of 19.5 to

23.1 kPa (2.83 to 3.35 psia) within 75 hr when supplied

with gaseous 02 and N 2. Repressurization is performed

either by direct introduction of O2/N 2 or via pressure
equalization with the rest of the ISS.

3.2 Temperature and Humidity

Control (THC)

The THC subsystem ensures that the temperature and

humidity levels in the atmosphere are within the design

specifications. Heat enters the atmosphere from the crew

(metabolically generated heat) and equipment (lights, etc.,

although, much of the equipment-generated heat is re-

moved by cold-plates). Humidity enters the atmosphere

primarily from crew respiration and perspiration. The

THC subsystem includes the CCAA, the AAA, and the

IMV assembly. The CCAA provides adequate ventilation,

and temperature and humidity control for the cabin. The

AAA provides air cooling and air flow required for FDS

in the racks. The IMV provides ventilation between

modules for distributing oxygen to and removing CO 2
and trace contaminants from modules that do not have

ARS and ACS equipment. Particulates and microorgan-
isms are removed from the atmosphere by HEPA filters.

The THC interfaces are shown in figure 45. The distribu-

tion of the THC subsystem throughout the USOS is

shown in figures 46 through 52. The THC rack packaging

in rack LAP6 is shown in figure 53. The packaging in

rack LAS6 is a mirror image of LAP6.

The requirements that must be met by the THC and

the conditions that affect its design and performance are:

• Heat removal capacity

- 3.5 kW (including 1.0 kW latent capacity)

• Ventilation flowrate

- 194 L/sec (410 cfm) within the Lab or Hab

with 9.4 L/sec (20 cfm) to AR

- 142 L/s (300 cfm) within Node 1 with the

Cupola closed off

- 66 L/sec (140 cfm) between modules

• Temperature control range

- 18.3 to 26.7 °C ±4 °C (65 to 80 °F +2 °F)

• Dewpoint control range
- 4.4 to 15.6 °C (40 to 60 °F) (RH 25 to

70 percent)

• Coolant flowrate

- 558 kg/hr (1,230 lb/hr) in the Lab and Hab

- 273 kg/hr (600 lb/hr) in Node 2 and the AL

• Mass

- 93.6 kg (206.4 lb)

• Power consumption
- 467.5 W continuous at 203 L/sec (430 cfm)

• Three settings
- 142, 208, 264 L/sec (300, 440, 560 cfm).

Major telemetry for the THC includes:

• Software state: Reset, Test, Off, Startup, On,

Dryout, Drain, Off

• Temperature setpoint (18.3 to 26.7 °C (65
to 80 °F))

• Primary inlet temperature (4.4 to 32.2 °C,

40 to 90 °F)

• Secondary inlet temperature (4.4 to 32.2 °C,

40 to 90 oF)

Fan speed (0 to 7,500 rpm)

Fan dP (0 to 280 mm of water (11 in of water))

Fan Remote Power Control (RPC) state

(open/closed)

EIB RPC state (Open/Closed)

TCCV position (0 to 80 degrees)

TCCV RPC state (Open/Closed)

Primary outlet temperature (4.4 to 32.2 °C,

40 to 90 oF)

Secondary outlet temperature (4.4 to 32.2 °C,
40 to 90 °F)

WS speed sensor (0 to 7,200 rpm)

WS outlet water pressure (0 to 517 kPa (75 psig))

WS outlet liquid sensor (-1 to 12 sec)

WS RPC state (Open/Closed)

Outlet duct liquid sensor (wet or dry).
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3.2.1 Control Atmospheric Temperature

The atmospheric temperature is monitored and

maintained within the design limits as described below.

3.2.1.1 Monitor Atmospheric Temperature

The atmosphere temperature is monitored over the

range of 15.6 to 32.2 °C (60 to 90 °F) with a Resistance

Temperature Detector (RTD) consisting of a wire-wound

resistor using platinum, which increases in resistance as

temperature increases. The basic construction is shown in

figure 54. Four captive fasteners hold the ORU assembly

in place. The characteristics of this temperature sensor
are:

• Mass

- 45.5g (O.1 lb)

• Power consumption
- 1 mW

• Volume

- 82 cm 3 (5 in 3)

Pressure range

- 34.5 to 104.0 kPa (5.0 to 15.1 psia)

Temperature range

- 1.7 to 60 °C (35 to 140 °F)

Input
- 1 mA dc

Output

- 1,000 ohms _+l.0 ohms at 0 °C (32 °F)

Accuracy
- ±0.5 °C (1 °F).

3.2.1.2 Remove Atmospheric Heat

The CCAA's--located in the Lab, Hab, Node 2, and
AL remove excess heat and excess moisture from the

atmosphere in order to maintain a safe and comfortable

environment for the crew and equipment. Depending on

the module heat loads, the atmosphere flowrate can range

from 8,490 to 14,150 L/min (300 to 500 cfm).
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3.2.1.2.1 CCAA Design

The CCAA is designed to be repairable by replace-

ment of ORU's. The ORU's are described briefly in this
section. For a more detailed description, see D683-

14719-1-7, Revision New.

Inlet ORU---The Inlet ORU, shown in figure 55,

consists of the fan group with a fan assembly, a fan ziP
sensor, and an acoustic enclosure.

Fan Assembly--The fan is an impeller design with

axial rotation (including stator vanes and flow distributor)

as shown in figure 56. It is driven by a brushless dc motor

and controlled by an electronic controller that operates the
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motorandprovidesspeedandtemperatureinformation.A
APsensormeasuresthepressureriseacrossthefanandan
acousticenclosurecontainsnoisegeneratedbythefan.
MountingpointsareprovidedforuseoftwoISS-common
removable ORU handles.

CCAA fan assembly characteristics are:

• Mass

- 12.7 kg (27.9 lb)

• Power consumption
- 410W

• Volume

- 0.04 m 3 (1.43 ft3).

The controller and the AP sensor are mounted directly

to the fan housing. The fan housing, in turn, is mounted to
the structural frame on four acoustic-and-vibration-isola-

tion mounts to limit structure-borne noise and vibration.

The acoustic enclosure is mounted to the frame on elast-

omeric pads and surrounds the fan housing to block case-

radiated noise. The assembly inlet and outlet ducts are
also attached to the frame.

Within the enclosure, the air is directed to and from

the inlet and outlet of the fan housing with flexible

elastomeric couplings that act to isolate fan housing

vibration while preventing air recirculation from the fan

outlet back to the fan inlet. The assembly electrical

connections for power in, signals out, and AP sensor

input/output are mounted to the inlet end of the acoustic
enclosure.

The structural frame extends through the acoustical

enclosure to provide the four structural mounting points

for the assembly. The structural interface consists of four

mounting pads with two captive fasteners located at each

pad. One pad contains an alignment pin and it is desig-

nated as a three-force mount capable of taking loads in

three directions. A second pad with no alignment pin is
designated as a one-force mount. The fourth pad, which

contains an alignment pin, acts as a redundant mount so

that if any of the other pads fail, the assembly will still

be sufficiently supported. This extra mount allows the

assembly to be defined as "non-fracture critical."

Fan AP Sensor--A linear variable pressure trans-

ducer (LVPT), provides linear output voltage proportional

to the core displacement. It is connected directly to the

MDM Input/Output (I/O) card. The characteristics are:

• Mass

- 0.3 kg (0.7 lb)

• Power consumption
- 240mWviaMDM

• Volume

- 0.06 L (0.002 ft3)).

• Measurement range

- 0 to 28 cm (11 in) H20 with + 0.7 percent

(± 0.213 cm (0.084 in) H20 ) accuracy

• Input voltage

- 15 +1.8 Vdc with output of 4 to 20 mA dc

current loop proportional to input pressure

I-IX ORU----The HX ORU consists of a CHX,

temperature sensor ORU, the TCCV, and associated

ducting hoses.

Condensing Heat Exchanger As shown in figure

57, the CHX is a plate fin core design with a four-pass

cross-counter flow coolant circuit (based on the Spacelab

design), with 33 air and 34 coolant layers constructed of

stainless steel ruffled fins. The air-side passages are
coated with a hydrophilic material that promotes film

wetting on the surfaces, thereby minimizing droplet

formation which could cause partial flow blockage and
subsequent sudden and abrupt droplet expulsion. A silver

(Ag) biocide is impregnated in the hydrophilic coating to

inhibit microbial growth. The device that removes the

condensed water is referred to as a "slurper bar" (shown

in fig. 58) because water and air are sucked into the

device through a large number of small holes. The CHX

has the following characteristics:

• Liquid flowrate

- 558 kg/hr (1,230 lb/hr) (Lab, nab)

- 272 kg/hr (600 lbhtr) (Node 2 and AL)

• Mass

- 20.6 kg (45.5 lb)

• Volume

- 0.040 m 3 (1.4 ft 3)

• Material

- Stainless steel ruffled fins

Hydrophilic coating with biocide to minimize

droplet formation and for microbial control

2 to 3 percent of HX air is drawn through the

slurper into the water separator
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• Effectiveness (in metric units)

- 87 percent at 101.3 kPa and 558 kg/hr ITCS
and 7,815 L/min airflow

- 91.5 percent at 70.3 kPa and 558 kg/hr ITCS
and 10,279 L/min airflow

- 85.5 percent at 101.3 kPa and 272 kg/hr
ITCS and 9,430 L/min airflow

- 89.5 percent at 70.3 kPa and 272 kg/hr ITCS
and 11,327 L/min airflow

• Effectiveness (in U.S. units)

- 87 percent at 14.7 psia and 1,230 Ib/hr ITCS
and 276 cfm airflow

- 91.5 percent at 10.2 psia and 1,230 lb/hr
ITCS and 363 cfm airflow

- 85.5 percent at 14.7 psia and 600 Ib/hr ITCS
and 333 cfm airflow

- 89.5 percent at 10.2 psia and 600 lb/hr ITCS
and 400 cfm airflow.

Temperature Control and Check Valve (TCCV)--
Within each CCAA, the TCCV controls the amount of air

that flows through or around the CHX. Depending on the

amount of cooling required, the flow through the CHX

will be more or less. A Proportional-Integral (PI) control

scheme is used to maintain the cabin temperature at the
crew selected temperature set point between 18.3 to 26.7

°C (65 and 80 °F). The maximum allowable error ("dead

band") between the actual temperature and the setpoint

temperature is 0.5 °C (1 oF). When the error is >0.5 °C (1

°F) the PI controller modulates the TCCV to either permit

more flow through the CHX (lowering the temperature) or

more flow through the bypass (raising the cabin tempera-

ture). There is also a manual override lever. For 12,716 L/

min (430 cfm) airflow, the minimum by-pass flow is 850
L/min (30 cfm) and the minimum HX flow is 1,444 L/min

(51 cfm). The flow split gain is limited to 413.4 L/min

(14.6 cfm)/degree of valve rotation. The chassis, doors,

and actuator housing are made of aluminum and the pivot
shaft is made of stainless steel.
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A schematic of the TCCV is shown in figure 59. The

TCCV is held in place with six captive fasteners. An
attached handle aids removal and installation of the ORU.

The TCCV is a variable air damper operated by a
120 Vdc brushless motor with manual override. It has

the following characteristics:

• Mass

- 6.3kg(13.91b)

• Power consumption

- 6.8 W static and 15.7 W dynamic

• Volume

- 0.027 m 3 (0.95 ft3).

Water Separator (WS) ORU--The WS ORU,

shown in figure 60, consists of a WS, pressure sensor, and

liquid sensor.

WS---The WS design is based on the space shuttle/

Spacelab WS but uses a 120 Vdc brush-less motor. The

WS consists of a rotating drum, pitot tube, centrifugal fan,

relief valve (145 kPa (21 psid) cracking pressure),

solenoid valve, pressure sensor, air check valve, and

speed sensor. The inlet fluid is 90 percent liquid, by
volume. The outlet condensate pressure is 276 kPa

(40 psig) with more than 1.45 kg/hr (3.2 lb/hr) condensate
flowrate. The construction material is cast aluminum with

brazed components. It has the following characteristics:

• Mass

- 11.95 kg (26.34 lb)

• Power consumption
- 46.36 W

• Volume

- 0.054 m 3 (1.9 ft3).

Pressure Sensor (for WS)---The pressure sensor is

a bonded foil strain gauge type with proportional differen-

tial voltage output when the bridge is imbalanced. The

pressure sensor is connected directly to the MDM I/O
card. It has the following characteristics:

• Measurement range
- 0 to 517 kPa (75 psig) with ±3 percent

(:t:l 5.7 kPa) (±2.28 psig)

• Input voltage
- 15 ±1.8 Vdc with output of 4 to 20 mA dc

current loop proportional to input pressure

• Mass

- 1.66 kg (3.66 lb)
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Power consumption
- 240mWviaMDM

Volume

- 57 cm 3 (3.5 in3).

Water Separator Liquid Sensor--The water

separator liquid sensor, shown in figure 61, detects the

presence of water in the air side of the separator. The

sensor detects a water slug 0.89 cm (0.35 in) diameter.

The time that water is present is accumulated. Its charac-
teristics are:

• Mass

- 0.64kg (1.4 lb)

• Power consumption
- 9mWviaMDM

• Volume

- 566 cm 3 (0.02 ft3).

Liquid Sensor ORU The liquid sensor ORU
consists of an HXLS.

Heat Exchanger Liquid Sensor (HXLS)---The

HXLS, shown in figure 62, detects the presence of water

on the duct wall downstream of the THC assembly. The

sensor signal conditioner is connected directly to the
MDM I/O card and/or electrical interface box. Its charac-

teristics are:

• Mass

- 0.454 kg (1.0 Ib)

• Power consumption
- 9 mW via MDM

• Volume

- 283 cm 3 (0.01 ft3).

EIB ORU--The EIB ORU consists of an EIB

and a cooling interface.

Electrical Interface Box (EIB)_The EIB, shown in

figure 63, provides signal conditioning for sensors that are

incompatible with the MDM, on/off control, dual voltage

solenoid valve driver, overcurrent protection, Built-In-

Test (BIT) circuitry, and output status. The C&DH inter-
faces are:

• Passive discrete BIT command (MDM to EIB)

• Passive discrete valve command (MDM to E/B)

• Active discrete EIB enable command (MDM to

EIB)

• Passive discrete EIB status (EIB to MDM)
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The EIB characteristics are:

Components

- 1 motherboard, 4 daughter boards, 1 filter,
circular I/O connectors

Material

- Anodized aluminum

• Mass

- 5.7kg (12.51b)

• Power consumption
- 6.5W

• Volume

- 0.0097 m 3 (590in3).

The EIB is attached by four captive fasteners and has a
detachable handle to aid removal and installation.
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Temperature Sensor ORU--The Inlet and Outlet

Temperature Sensor ORU's are identical. The sensors are

platinum RTD's that are connected directly to the MDM
I/O card. The characteristics are:

• Measurement range
- 4.44 to 32.2 °C (40 to 90 °F) with +1 per-

cent +0.25 °C (±0.5 °F) full-scale accuracy

• Mass

- 270g (0.591b)

• Volume

- 0.0011 m3 (67in3).

3.2.1.2.2 CCAA Operation

The CCAA process is shown schematically in figure

64. Filtered air is drawn from the cabin by the Inlet ORU.

The Inlet ORU provides the necessary head rise to move

air through the CCAA as well as the cabin and system

ducting. The cabin temperature is controlled to a crew-

selectable set point temperature by positioning the TCCV
ORU via a PI control scheme based on the difference

between the Inlet Temperature ORU signal and the cabin

set point. The position of the TCCV determines the flow

split between the CHX and the bypass ducts. Heat and
moisture are removed from the portion of the airflow di-

rected through the CHX. The heat removed from the air is
transferred to the coolant water loop. Bypass air and CHX
airflow streams are then mixed downstream of the TCCV

and cool, dehumidified air is returned to the cabin through

the outlet housing. The condensed moisture, along with

some air, is drawn from the CHX by the Water Separator

ORU where condensate and air are separated. The con-
densate is delivered to the condensate bus while the air is

returned to the outlet air stream. The humidity condensate
water is delivered to the wastewater bus at a rate up to

1.45 kg (3.2 lb) per hour at a pressure of up to 55 kPa

(8 psig). A Liquid Sensor ORU indicates excessive con-

densate carryover by monitoring the condition of the air
in the ducting downstream of the CCAA. In addition to

air being delivered to the cabin, a separate port upstream

of the TCCV ORU allows withdrawal of high relative

humidity air.

CCAA's are located in four places (Hab, Lab, Node 2,

and AL); however, the performance requirements are not

the same in all applications. The performance of the

CCAA's is tailored for the application by the controlling

software. The applications are identified as Type 1 (Hab

and Lab) and Type 2 (Node 2 and AL). The CCAA

operating conditions (Type A normal condition and Type

B low-pressure condition) are described in table 22 for the

Type 1 and Type 2 applications. The effective average

velocity in the habitat aisleway is 4.6 to 12.2 rn/min (15 to

40 fpm), with a minimum average of 3 m/rain (10 fpm)

when supporting high heat loads in "parasitic" pressurized

volumes (i.e., Node 1 with or without the Cupola and the

MPLM). Two-thirds of the velocities are in the 4.6 to

12.2 ndmin (15 to 40 fpm) range, with lower and upper

limits of 2 and 61 m/min (7 and 200 fpm), respectively

(for localized flow near a diffuser).
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The CCAA is operated via six commands (from

MDM's in racks LA-1 and LA-2) to the CCAA internal

Computer Software Configuration Item (CSCI) directing

the CCAA to a final operating configuration or to perform

a specified operation. The operational commands can be

overridden via the MDM's to modify the operating pa-

rameters per user requests. There are eight states internal

to the CCAA CSCI, as shown in figure 65.

Operation of the CCAA involves the following
commands:

• Initialize

- Resets faults/overrides, runs active BIT,

places in Off state.

• Operate
- Goes to Startup state and goes to On state

when startup is complete.

• Standby

- Goes to Startup state and waits for Operate
command (with WS on).

• BIT Execution

- Goes to Test state, runs BIT, and goes to Off
state.

• Shutdown

- Goes to Dryout state, proceeds to Drain
state, ends in Off.

• Stop

- Goes directly to Off.

3.2.1.2.3 CCAA Performance

Heat is removed via the water-cooled ITCS to

maintain a crew-selectable cabin temperature between

18.3 to 27 °C (65 and 80 °F). The stabilized temperature

within the cabin is within +1 °C (2 °F) of the selected

temperature. The Lab and Hab THC can remove 3.5 kW
(including 1.0 kW latent heat) from the Lab atmosphere.

(The AL and Node 2 THC have less capability

due to a lower coolant flowrate. Node 1 and the Cupola

do not have THC units and the allowable temperature

range is 18.3 to 29.4 °C (65 to 85 °F).) The cabin RH is

maintained within the 25 to 75 percent range. The dew-

point temperature is in the 4.4 to 15.6 °C (40 to 60 °F)
range. Data and commands are transferred via a command

and control processor and 120 V dc power is provided

from the secondary electrical power supply.

3.2.1.3 Avionics Air Assembly (AAA)

The AAA, shown in figure 66, provides cooling and

atmospheric flow for FDS operation for rack-mounted

equipment. The primary components of the AAA are a

variable speed fan, HX, smoke detector, and a firmware
controller. A combination of mufflers at the inlet and

outlet provide high- and low-frequency airborne noise

control. An acoustic enclosure provides case-radiated

noise protection.

Inlet air as warm as 41 °C (105 °F) flows through

mufflers before entering the inlet duct where a smoke

detector is located upstream of the fan. The fan provides

sufficient pressure rise to allow a 51 mm (2 in) H20
pressure drop in the payload rack, as well as compensate
for losses in the AAA itself. As the air leaves the fan it

expands through a transition section before entering the

HX, where it is cooled to a maximum temperature of

22.2 °C (72 °F) before it is discharged through the outlet
muffler into the rack.

The AAA fan is a compact, highly integrated assem-

bly consisting of a fan, motor, sensors, control electronics,
and mounting structure. The fan is driven at 18,000 rpm

by a brushless dc motor built into the fan housing. Sen-

sors for monitoring flowrate and temperature are mounted

in the airflow path. The maximum fan power consumption

is 145 W at 56.6 L/sec (120 cfm). The air-water HX is a

cross-counterflow plate-fin design with integral water

headers. It is highly compact and maintains effectiveness

over an air flow range of 18.9 to 56.6 L/sec (40 to

120 scfm) and a coolant flow range of 45.4 to 81.7 kg/hr

(100 to 180 pph). The maximum heat rejection is 1,200 W

at 101.3 kPa (14.7 psia).
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TABLE22.---CCAA operating conditions.

Operating Condition

Interface Units Type A (normal) 1Type B (low pressure)

• ReturnDuct/TempSensorORUInterface
Air Temperature
Air AbsolutePressure

Air DewpointTemperature
Air RelativeHumidity
Air Velocity

• ReturnDuct/AssemblyInterface
Air Temperature

Air AbsolutePressure

Air DewpointTemp.

Air RelativeHumidity

Type1"
Type2

Type1
Type2
Type1
Type2

• SupplyDuct/LiquidSensorORUInterface
Air RelativeHumidity
Air Dewpoint
AirflowVelocity
Air Temperature
CarryoverWaterConductivity

• ARSDuctInterface
Air Flowrate Type1

• CoolantWaterSupplyInterface
Supply

WaterTemperature
WaterFlowrate Type1

Type2
WaterAbsolutePressure(MOP)

Return

• CondensateBusInterface

CondensateGaugePressure
(referencedto ambient)

• AmbientAir Interface

Air/SurroundingSurfaceTemp.
Air AbsolutePressure

Air DewpointTemperature
Air RelativeHumidity
Air Velocity
Air OxygenConcentration

°C(°F)
kPa(psia)
°C(°F)
%

m/min(ft/min)

°C(°F)
°C(°F)
kPa(psia)
oc(°F)
°C(°F)
%
%

%

°C (°F)
m/sec(ft/sec)
°C(°F)
IJmhOs/cm

L/sec(acfm)

oc(°F)
kg/hr (Ib/hr)
kg/hr (Ib/hr)
kPa(psia)
N/A

kPa(psig)

°C (°F)
kPa(psia)
°C (%)
%

rn/min(ft/min)
%

17.2-27.8 (63-82)
99.2-102.7(14.4-14.9)
4.4-14.4 (40-58)
25-7O
4.6-9.1 (15-30)

15.6-28.3 (60-83)
17.2-27.6 (63-82)
99.2-102.7(14.4-14.9)
3.3-15.6 (38-60)
4.4-14.4 (40-58)
20-75
25-70

20-100

3.3-15.5 (38-60)
3.5-6.4 (11.5-21.0)
6.7-28.3 (44-83)
20-150

9.4 max(20max)

3.3-5.6 (38-42)
529-588 (1,165-1,295)
272 (600rain)
689 (100max)

17.2-27.8(63-82)
61.3-73.0 (8.9-I0.6)
4.4-14.4 (40-58)
25-70

4.6-9.1 (15-30)

15.6-28.3(60-83)
17.2-27.8(63-82)
61.3-73.0 (8.9-10.6)
3.3-15.6 (38-60)
4.4-14.4 (40-56)
20-75
25-70

20-1O0

3.3-15.5(38-60)
3.5-6.4 (11.5-21.0)
6.7-28.3(44-83)
20-150

9.4 max(20max)

3.3-5.6 (38-42)
529-588 (1,165-1,295)
272(600min)
689(100max)

CoolantwaterwhichexitstheCCAACHX

o.0-55.1(o-8) 0.0-55.1(0-8)

21.1-42.3(70-109)
62.0-73.0(9.0-10.6)
4.4-144 (40-58)
10-70

0 (0)
24.1-28.5

21.1-42.3 (70-109)
99.9-102.7(14.5-14.9)
4.4-14.4(40-58)
10-70

0 (0)
19.0-23.1

*Type1-Haband Lab
Type2-Node2 andAL
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FICURE66.--USOS AAA schematic.
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3.2.2 Control Atmospheric Moisture

For the USOS, atmospheric temperature control and

humidity control are performed by the same subsystem,
described in section 3.2.1.

3.2.2.1 Monitor Humidity

Atmospheric moisture is not monitored.

3.2.2.2 Remove Atmospheric Moisture

The CHX removes moisture via the slurper bar

device (see section 3.2.1.2, describing the CHX, and

fig. 58). A water separator provides the necessary suction
at the CHX outlet to remove the condensate and a small

portion of air. The separator, shown in fig. 67, consists of

a rotating drum, pitot tube, centrifugal fan, relief valve,

solenoid valve, pressure sensor, air check valve, and

speed sensor. The air/water mixture (90 percent liquid, by
volume) is drawn into the central inlet. As the mixture is

driven radially outward, the water is separated from the

air by centrifugal action. A stationary pitot tube is

immersed in the rotating ring of water. The rotation speed

forces the water into the pitot tube, through the solenoid

valve and relief valve, and into the liquid condensate line.

The air check valve prevents backflow when the separator

is not operating. The relief valve prevents condensate
backflow and regulates upstream pressure to minimize air

inclusion. Back-pressure ensures that the water level in

the drum is always sufficient to cover the pitot inlet,

thereby preventing air inclusion in the condensate line,

Air is returned to the cabin. The water separator character-
istics are:

• Mass

- 11.9 kg (26.3 lb)

• Power consumption
- 46.4 W.

° Volume

- 0.05m 3(1.9ft 3)

3.2.2.3 Dispose of Removed Moisture

Condensate water is collected and piped to a storage

tank. The storage tanks are metal bellow tanks made of

Inconel TM. From 0 to 5 percent of the condensate water is

entrained air. The condensate is then processed in the

water processor for potable and hygiene water use.

3.2.3 Control Airborne Particulate

Contaminants

Airborne particulate contaminants are removed by

filtering the air before it enters the ventilation system

ducting.

3.2.3.1 Remove Airborne Particulate

Contaminants

Particulates and microorganisms are removed

by HEPA filters that remove 99.97 percent of particles

0.3 micron or larger in diameter. These filters are made of

a "paper" of borosilicate glass fibers folded and fastened

in a housing which allows easy replacement of the filters,

and an ethyltetrafloroethylene (ETFE) pre-filter screen

to exclude free liquid, as shown in figure 68. These filters

are considered to be part of the THC subsystem.

3.2.3.2 Dispose of Airborne Particulate

Contaminants

The filters are checked and cleaned by vacuuming
every 90 days if necessary, and they are replaced once

per year. To replace a filter, the atmospheric flow in the

ventilation duct is first shut off by manually closing the

duct damper to preclude particulates from being drawn

into the ventilation system. There is a separate damper in

each leg of the ventilation ducting, as shown in figure 69.

The assembly is designed to provide one-handed opera-

tion with a friction hinged door to stay in any position to

facilitate routine element replacement. A simple pull-strap

aids removal of the filter from the housing assembly.

Spring clips and installation keys provide ease of filter

element positioning and prevent incorrect installation. A

perforated outlet prevents debris from entering the return

duct during element replacement. The inlet grate and latch

are capable of supporting crew "push off."

3.2.4 Control Airborne Microorganisms

Airborne microorganisms are also removed by the

HEPA filters used to remove airborne particulates.

3.2.4.1 Remove Airborne Microorganisms

Microorganisms are removed to maintain a maximum

daily average concentration of 1,000 CFU/m 3 (see section

3.2.3).
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FIGURE67.--THC water separator.

3.2.4.2 Dispose of Airborne Microorganisms

Microorganisms are disposed of by replacing the
old HEPA filters with new ones and disposing of the

old filters as trash (see section 3.2.3).

3.2.5 Circulate Atmosphere: Intramodule

The CCAA, described in section 3.2.1, also circulates

atmosphere within a module.

Cabin Air Distribution--In the Lab, two CCAA's

are connected to a distribution system that draws air from

the cabin and supplies conditioned air to the cabin.

Normally, only one CCAA operates at a time so "cross-
over" ducts connect the CCAA's, as shown in figure 69.
In the Hab, Node 2, and the AL, there is one CCAA each,

connected to the ducts in each module.

The AAA removes heat from the atmosphere in the

powered racks in the Lab. The thermal energy is trans-

ferred to the moderate-temperature ITCS. Data and

commands are transferred via an MDM and 120 Vdc

power is provided from an RPCM.

3.2.6 Circulate Atmosphere: Intermodule

IMV ensures air circulation throughout the ISS to

provide good distribution of 02, aid in removal of CO 2
and trace contaminants, and help to maintain appropriate

temperature and RH. IMV hardware consists of two

ORU's and other hardware such as ducting (which is not

intended to be replaced). To connect the IMV ducting in

adjacent modules, hard ducts (or "jumpers") are con-

nected through the vestibules. These jumpers are con-

nected with V-band clamps to the fixed adapters at the

vestibule interfaces. The jumpers are about 12 cm (4.7 in)

in diameter and about 0.61 m (2 ft) in length. They are
lined with an acoustic damping material (solitaire foam)

with an additional lining of stainless steel felt. The 1MV
ORU's are:

Intermodule Ventilation Fan Assembly--The IMV

fan (shown in fig. 70) provides for ventilation between

117



78.0 cm
(30.7 in)

- Hinge /-- Mounting Flange
3 Places /

o o 0 • o o o o

Mounting Fastener
8 Places

]__l I I i I ii

Latch Handle
Latch Mechanism

Grate

$

__at, ch,C°v_r, , ' ,_

°°, Jl

iSealing Fastener

10 Places

't
Gasket

FIGURE68.mTHC HEPA filter assembly.

adjacent modules. Data and commands are transferred via

an MDM and 120 Vdc power is provided from an RPCM.

The rate of flow between adjacent modules is in the range

3,823 to 4,106 L/re.in (135 to 145 cfm). The fan is

powered by a 120 Vdc brushless motor with a speed

sensor. The inlet flow is protected by a honeycomb

airflow straightener. IMV fan characteristics include:

• Air flowrate

- 3,964 L/min (140 cfm) to cabin

• AP

- 2.54 cm (1.0 in) water column

• Power (120 Vdc)
- 55 W continuous

• Mass

- 4.7 kg (10.5 lb).

Intermodule Ventilation Valve AssemblymThe

IMV valve (shown in fig. 71) provides the capability to

isolate the atmosphere from adjacent modules when the

hatches are closed. The IMV valve thus allows or prevents

atmosphere exchange between adjacent modules. Data
and commands are transferred via an MDM and 120 Vdc

power is provided from an RPCM. The valve is an electric

motor driven butterfly valve (with manual override cap-

ability), and includes an electrical motor actuator with a

planetary gear drive, and spur and face gear assembly.

The valve actuates when power is applied, and Magnetic

Position Indicators (MPI) signal the motor controller and

MDM to remove power at the end of a stroke. Electronic

position sensors detect the valve end of a stroke. A high

gear ratio keeps the valve in the last commanded position.

The IMV valve has the following characteristics:

• Dimensions

- 164 by 159 by 319 mm (6.5 by 6.3

by 12.6 in)

• Mass

- 5.34kg (11.75 lb)
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FIGUSE 69.--IMV hardware.

• Air flowrate

- 286 kg/hr at 101.3 kPa and 0.48 kPa AP

(629 lb/lar at 14.7 psia and 0.07 psid)

• Temperature

- Non-operating temperature range:
- 95 to 71 °C (--40 to 160 °F)

- On-orbit non-operating temperature range:
-95 to 32 °C (-40 to 90 °F)

- On-orbit operating temperature range:

1.7 to 32 °C (35 to 90 °F)

• Pressure

- Normal operating pressure: 101,3 kPa

(14.7 psia)

- Proof pressure: 165.4 kPa (24 psid)

at 23.8 °C (75 °F)

- Burst pressure: 237.7 kPa (34.5 psid)

at 23.8 °C (75 °F)

• Leakage

- Case leakage: 0.066 scc/hr at 101.3 kPa

(14.7 psid) and 23.8 °C (75 °F)

- Port leakage: 72 sccfhr at 101.3 kPa

(14.7 psid) and 23.8 °C (75 °F)

• Power consumption
- 120 Vdc motor, 15 Vdc valve controller

and sensor

- Peak: 190 W (when the valve is activated,

the average power consumption is much
lower)

- Standby: 0.15W

- Enabled: 6 W (maximum)

- Operating: 20 W (maximum)

Operating time
- Cycle from open to closed in 30 sec

maximum

Operating cycles
- Design life: 3,750 cycles

- Actual operating life: More than 10 times

the design life.

The IMV valve can also be operated manually using

the manual override handle shown in figure 72. The

override handle is engaged during normal operation for

visual indication of the valve position. When the manual

override is used, it disengages the motor-driven gear,

providing the ability to operate the valve. Releasing and

stowing the handle re-engages the motor planetary and

spur gear assemblies. The actuator has mechanical stops
at the open and closed positions.
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FIGURE70.mlMV fan assembly (1)683-15005-I, rev. A)

The IMV valve override handle has the following
characteristics:

• Dimensions:

- Handle assembly

• stowed 165 by 165 by 178 mm (6.5 by

6.5 by 7.0 in)

• deployed 236 by 305 by 279 mm (9.3 by

12 by 11 in)

- Cable assembly--13 mm (0.5 in) diameter

by 0.9 m (36 in) length

• Mass

- 1.6 kg (3.5 Ib)

• Nominal operation time
- <5 sec

• Force to open/close
- 89N (201b).

RotatableCable

Housing _ _loenCtnr_Cctalors

Valve

FZGtatE71.--IMV valve.

3.3 Atmosphere Revitalization (AR)

The AR subsystem removes CO 2 and potentially

harmful trace gases metabolically generated by the crew

and offgassed from equipment and other materials. The
AR subsystem also monitors the atmosphere for the major

constituents (O 2, N 2, CO 2 , H 2, CH 4, and H20 ). After the

Hab is installed, 02 generation is also part of AR.

The AR subsystem interfaces are shown in figure 73.

As shown in figure 74, the major components of the AR

subsystem are the:

• CDRA

• OGA in the Hab

• TCCS

• MCA

• SDS in the Lab, HaD, AL, Nodes 1 and 2, the

Centrifuge, and the international modules (JEM,
APM, MPLM)

The locations of the AR components in the USOS are

shown in figures 75 through 81. The AR rack packaging is
shown in figure 82 and the AR Rack Assembly Connec-

tions are shown in figure 83.
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FICURE 72.mIMV valve manual override operation.

3.3.1 Control Carbon Dioxide

The CO 2 levels are monitored and maintained within

the design specifications with a CO 2 monitor and a CO 2
removal assembly.

3.3.1.1 Monitor CO 2

The CO 2 level is monitored by the MCA (see
section 3.3.2).

3.3.1.2 Remove CO 2

CO 2 is removed from the habitat atmosphere by a

4BMS CDRA. Excess CO 2 is vented overboard, until a

CO 2 reduction assembly is activated. (The CO 2 reduction
assembly is installed after the initial ISS construction is

completed.)

3.3.1.2.1 4BMS Design

The 4BMS removes CO 2 from the Habitat atmos-
phere by adsorption on Zeolite 5A molecular sieve

material. As shown in figure 84, there are two canisters

(or "beds") of Zeolite 5A to allow one to be regenerated,

by desorption of the CO 2 while the other is adsorbing

CO 2, thereby providing continuous operation. Because

water is more readily adsorbed than CO 2, water vapor
must first be removed. The water is adsorbed on beds of

Zeolite 13X and Silica Gel (Si gel). The main features of

the technology are:

• Continuous removal of CO 2 by alternating

between two CO 2 sorbent beds

• Thermal/vacuum swing regeneration of the CO 2
sorbent beds

• Recovery of water vapor and atmosphere

• Open loop operation (CO 2 is vented to space
vacuum)

• Removes the CO 2 generated by four people
plus biological specimens

• Day/night orbital cyclic operation of sorbent

bed heaters for night-side power savings

• Receives process air from either active THC
unit in the Lab

• No expendables.

Water is removed from the atmospheric stream by
two methods. First, the inlet duct to the 4BMS is attached

downstream of the CHX in the THCS. Thus, water is

removed by condensation in the THCS CHX. This also

raises the RH to near 100 percent, which allows more

water to be removed by the desiccant materials in the

4BMS. The desiccant materials are in separate canisters

from the CO 2 sorbent so that water can be desorbed

separately from the CO 2, and the water returned to the
habitat atmosphere.

The cooler temperature inlet atmosphere also

increases the adsorption capacity of the CO 2 sorbent

materials. Prior to opening the CO z vent valve to desorb
the CO 2 to space, the air-save pump removes residual
atmosphere from the CO2 sorbent bed and returns it to
THCS.
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FIGURE73.--USOS AR subsystem interfaces.
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FIGURE79.--AR subsystem (continued).

The physical interfaces of the 4BMS are as follows:

• Fluid interfaces

- Process air supply and return

- ITCS coolant supply and return vacuum vent
- Vacuum Vent

• Electrical interfaces

- 3 data connectors

- 4 power connectors

• Structural interfaces

- 36 mechanical interfaces: 6 bolts per post,

2 posts per slide, 3 slides.

Sensors are used to measure the conditions of the

fluids in the 4BMS and the status of the components as

follows:

• 12 selector valve position indicators (digital)

• 6 selector valve motor speed sensors (digital)

• 1 pump motor speed sensor (digital)

• 1 blower motor speed sensor (digital)

• 2 integrated circuit temperature sensors

(analog cut-off)
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FmURE 80.--AR subsystem (continued).

• 6 CO 2 adsorbent bed temperature sensors
(analog cut-off)

• 3 stand-alone air temperature sensors (analog
data and Fault Detection and Isolation (FDI))

• 1 stand-alone absolute pressure sensor

(analog data and FDI)

• 1 stand-alone differential pressure sensor

(analog data and FDI)

• Total = 33 sensors = 28 discrete functions and

5 analog data.

Note that no critical control actions depend on cal-

ibrated analog readings. Sensor specifications are listed in
table 23.

Components of the 4BMS are:

• ORU's:

- Selector valve (five)
- Desiccant bed/adsorbent bed/air check

valve (two)

- Blower/precooler/selector valve (one)

- Two-stage pump (one)
- Motor controller (two)

- Heater controller (two)

• Temperature sensor (three)

• Absolute pressure sensor (one)

• Electronics cold plate (one)

• Structure

• Electrical wiring harness

• Tubing

• Application software.

• Differential pressure sensor (one).

The power consumption and masses of 4BMS

components are listed in tables 24 and 25, respectively.

The thermal interfaces and loads are shown in figure 85.
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FIGURE82.--USOS AR rack packaging in the Lab (the Hab AR will also include an OGA).
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FIGURE84.--4BMS CDRA.

TABLE23.---4BMS sensor specifications.

Sensor

Temperature

InverterChip
TemperatureSensor

AP

AbsolutePressure

ValvePositionIndicator

MotorSpeed

SensorType

PRTD(1,000E_)

TwoTerminal

IntegratedCircuits

VariableReluctance
StrainGauge

VariableReluctance

Optical-lnterruptor
Light-Emitting
Diodes(LED)

Hall-EffectSensor

Output

1 to 2 Vdc

Current298.2
at 25 °C (77 °F)

-5 to 5 Vdc

0 to 1.3m H2O
(50 in H20)

-5 to 5Vdc

StrainGauge
(20psia)

DigitalA or BPosition
13.5to 17.1Vdc--on,
0Vdc---off

20mA_n,
0 mA----off

Power Input

1 mA

4 to 30Vdc

15Vdc,20 mA(max)

15Vdc,20 mA(max)
0 to 138kPa

IntegralWithValve
AssemblyPower

IntegralWithMotor

Accuracy

+1°C (±2 °F) Data& FDI
±3 °C (±5 °F)
DiscreteFunction

±1°C (±2 °F) Discrete
Function

±0.65% FSDataandFDI

±0.65%FSDataandFDI

Digital

Digital
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TABLE 24.--4BMS power consumption.

ComponentOescription

SelectorValves
Blower
BlowerMotorController
AdsorbentBedHeater
HeaterController

Pump
PumpMotor Controller
Sensors

Total Power

Consumption,W

60
58
5

480
19
226
2O
3

Total PowerConsumption,
Time-AveragedW

<1
58
5

39O
19
19
2
3

4BMSTotalPowerConsumption(Time-Averaged) 497

TABLE 25.m4BMS mass properties.

Quantity Unit Mass SummedMass

ComponentDescription per 4BMS kg Ib kg Ib

6 2,6 5.7 15,5 34.2Air SelectorValve
Desiccant/AdsorbentUnit
- DesiccantBed
- AdsorbentBed
- Air CheckValve
- HeaterController

17.3
23.6
0.1
3,3

38.0
52.0
0.3
7.3

34.5
47.2
0.3
6.6

• Blower/PrecoolerUnit
- Air Blower
- Motor Controller
- Precooler

• CO2PumpUnit
- CO2 Pump
- Motor Controller

• Sensors

1.0
1.3
2.7

8.2
1,3

2.2
2.8
6.0

18.0
2.8

1.0
t.3
2.7

8.2
1.3

- TemperatureSensor
- DifferentialPressureSensor
- AbsolutePressureSensor
ElectricalHarness

Plumbing
SupportStructure
FluidDisconnects
ElectronicsColdPlate
- ColdPlate
- InterfacePlate

0,1
02
0.2
4.5
5.9

36.1
0.6

3.3
0.8

4BMS Total Mass

0.3
0.5
0.5

10.0
12.9
79.5

1.4

7.3
1.7

0.4
0.2
0.2
4.5
5.9

36.1
2.5

3.3
1.5

76.0
104.0

0.6
14.6

2.2
2.8
6.0

18.0
2.8

0.9
0.5
0.5

10.0
12.9
793
5.6

7.3
3.4

173.3 381.8

The 4BMS components and ORU's are described below.

Selector Valves--The direction of flow of air and

CO 2 is controlled by valves. The valve design require-
ments are:

• Operating fluid

- Atmosphere (0 to 100 percent RH) and CO 2

• Flowrate

- 0 to 58.5 kg/hr (0 to 129 lb/hr) of air and

0 to 4.1 kg/hr (0 to 9 lb/hr) of CO 2

• Maximum pressure drop
- 1.27 cm (0.5 in) of water at 45.5 kg/hr

(100 lb/hr) airflow
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FIGURE85.---4BMS interfaces and time-averaged thermal loads.

Total leakage

- 0.5 sccm air at 689.5 kPa (100 psid)

Closing time

- 6 sec (maximum).

The design and construction characteristics of the selector
valves are:

• Mass

- 2.04 kg (4.5 lb) (maximum, including

actuator)

• Line size

- 3.8 cm (1.5 in) outer diameter

• End fitting

- Hydrafiow

• Voltage
- 120 Vdc

• Position indicator

- End of travel

• Dynamic shaft seals
- Dual seals.

Desiccant Bed/CO 2 Adsorbent Bed--The desiccant

beds and CO 2 adsorbent beds are combined into ORU's,

each consisting of one desiccant bed and one CO 2 sorbent
bed, as shown in figure 86. The characteristics and design

requirements of these ORU's are:

• Operating fluid

- Air and CO 2

• F]owrate

- 19.5 to 40.8 kg/hr (43 to 90 lb/hr) of air

• Operating fluid temperature
- 4.4 to 204.4 °C (40 to 400 °F)

• Operating fluid pressure

- 3.4 to 104.8 kPa (0.5 to 15.2 psia)

• Desiccant bed material:

- Molecular sieve 13X 290 cc

- Sigel 6,600cc
- Molecular sieve 13X 5,900 cc

• CO 2 Adsorbent bed material:
- Molecular sieve 5A 16,000 cc

• Nominal heater power:

- Primary 480 W

- Secondary 480 W

• Temperature sensor resistance
- 1,000 ohms at 0 °C (32 °F).

Air Check Valves--The air check valves isolate the

process air loop from the CO 2 loop during CO 2 adsorbent
bed regeneration, i.e., they stop the airflow from the

adsorbing desiccant bed to the desorbing sorbent bed. The

valves are spring loaded flapper type, as shown in figure

87. The design requirements of these valves are:

133



• Flowrate
- 18.1to54.4kg/hr(40to 120lb/hr)

• Inlettemperature
- 1.7to65.6°C (35 to 150 °F)

• Leakage
- 0.5 SCCM at 99.9 kPa DP (14.5 psid)

• Fluid

- Air and CO a

• Maximum pressure drop

- 1.3 cm (0.5 in) of water at 4t kg/hr

(90 lb/hr).

Heater Controller_The heater controller supplies

power to the heaters in the CO 2 sorbent beds and has
the following design characteristics:

• Power input

- 120 Vdc for the primary heater
- 120 Vdc for the secondary heater

• MDM interface

- Discrete on/off commands (primary and

secondary)

- Enable commands (primary and secondary)

- Temperature feedback (T 1, T 2, and T3)

• Heater interface

- 12 primary elements (40 W each)
- 12 secondary elements (40 W each)

Maximum power output = 960 W

- 3 temperature probes (Tp T 2, and T3).

Precooler The precooler, shown in figure 88,

removes motor and compression heat generated by the

blower and removes the heat of adsorption resulting from
water removal in the desiccant bed. The cooled air

permits greater carbon dioxide adsorption. The design

requirements are:

• Air side:

- Airflow = 41 kg/hr (90 lb/hr) (max)

- Inlet temperature = 65.5 °C (150 °F) (max)

- Outlet temperature = 10 °C (50 °F) (max)

- Pressure drop = 1.3 cm (0.5 in) 1-120 at
41 kg/hr (90 lb/hr)

• Coolant side:

- Water flow = 119 kg/hr (262 lb/hr)

(nominal)

- Inlet temperature = 4.4 °C (40 °F) (nominal)

- Outlet temperature = 7.2 °C (45 °F) (max)

- Pressure drop = 12.4 kPa (1.8 psid) (max).
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The design has the following features and characteristics:

Stainless steel housing

Stainless steel plate fin heat exchanger core:

- Single-pass air

- Double-pass water

Mass = 2.7 kg (6 lb).

Blower Assembly--The blower assembly, shown in

figure 89, provides air circulation through the 4BMS to

overcome system pressure drop and the THC interface

pressure drop. The design requirements for the blower

assembly are:

• Flow

- 41 kg/hr (90 Ib/hr)

• Total pressure rise

- 64 cm (25.2 in) of water

• Duty cycle

- 100 percent

• Speed

- 115,000 rpm

• Motor
- 120 Vdc

• Motor speed sensor for FDI and control.

Air-Save Pump--The air-save pump, shown in

figure 90, removes most of the air from a CO 2 adsorbent

bed prior to desorption to space vacuum. The design

requirements for the pump are:

• Operating fluid

- Air (0 to 100 percent humidity) and CO a

• Maximum CO 2 adsorbent bed pressure
at air save cycle end

- 3.4 kPa (0.5 psia)

• Coolant inlet temperature

- 7.2°C(45°F)

• Coolant loop pressure drop

- 3.8 kPa (0.55 psid)

• Operating fluid temperature

- 3.3 to 71 °C (38 to 160 oF)

• Operating fluid pressure

- 3.4 to 104.8 kPa (0.5 to 15.2 psia)

• Operating time

- 15 rain of every half-cycle

• Operating power
- 226 W.
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FIGURE88.--4BMS precooler.

__FInlet

tange

192.3 mm(7.57 in)

Connector

Impeller-

Magnet
Motor

Assembly

Discharge
Flange

l
70.1 mm

2.76 in)

Flow

Foil Bearin

oothless Motor
Stator Assembly

Bearings

Annulal
Diffuser

FIGURE89.--4BMS blower assembly.
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ITCS Inlet

ITCSOutlet

Fluid Manifold

Mounting Foot

Air Outlet

Air Inlet

MountingFoot

FICURE90.--4BMS air-save pump.

Pump/Fan Motor Controller The pump and fan

controller has the following characteristics:

• Electrical characteristics

- MDM interface:

MIL-STD-1553 Data Bus

- Motor interface:

Three-phase dc brushless, eight

configurations

- Input power: 120 Vdc

- Power dissipation: 40 W max

• Mechanical characteristics

- Mounting:

Four-bolt attachment to adapter plate

on cold plate

Thermal:

• 20 to 43 °C (68 to 109 °F) ambient,

• cold plate is water cooled,

• flowrate 119 kg/hr (262 Ib/hr),

• water inlet temperature 13 °C (55 °F)

- BIT:

Monitor motor speed, motor current,

inverter temperature, and dc-link voltage

Speed and torque limits

- Programmable.

4BMS Reliability--The expected lifetimes of the

4BMS components are listed in table 26.
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TABLE26.--4BMS limited life items.

ORU Limited Life items Life Limit

SelectorValve
Desiccant/AdsorbentUnit
Blower/PrecoolerUnit

Pump
TemperatureSensor
PressureSensor

ActuatorGears
CheckValves

FoilBearings
Vanes

NoMovingParts
NoMovingParts

> 30yr
20yr
> 30yr
lOyr

4BMS Maintainability--There are no regular
maintenance items in the 4BMS. In the event that a failure

occurs, the failed ORU would be replaced. The amount of

time required to replace an ORU depends on which one

needs to be replaced. All the ORU's are mounted so that

they can slide out for easy access, to require minimal time

for replacement. For example, to replace a leaking air

check valve would require no more than 2 hr for the

complete procedure. (See section 5.1. l for more infor-

mation on repair procedures.)

3.3.1.2.2 4BMS Operation

The operational conditions for the CDRA are listed
below:

Inlet temperature

- 4.4 to 10.0 °C (40 to 50 °F)

Inlet dewpoint

- 4.4 to 10.0 °C (40 to 50 °F)

• RH

- -100 percent

• ppO 2
- 19.5 to 23.1 kPa (2.83 to 3.35 psia)

• Total pressure

- 99.9 to 104.8 kPa (14.5 to 15.2 psia)

• Entrained water droplets

- 0.143 g/kg dry air (l.0 gr/lb dry air)

• ppCO 2 (maximum)
- 0.71 kPa(5.3 mmHg)

• Diluent gas

- Nitrogen.

The 4BMS operational states and the possible

transition paths are shown in figure 91. The states are

defined in table 27. The operating sequence is shown

in figure 92.

TABLE27._4BMS states.

OperatingStates
Normal

Startup
4BMSoperatesusingtwohalf-cyclesandthreesegmentsperhalf-cycle.
4BMSoperatesusingtwohalf-cyclesandthreesegmentsperhalf-cycle,but thesequencingof theequipmentis

differentthanduringthenormalstate.

NonoperatingStates
Off
Inactive

ColdStandby
WarmStandby
Test
Failed

4BMSis unpoweredandawaitingInitializecommand.
4BMShasbeenpowered,initialized,andis awaitingaNormal,Standby,orBITcommand.

Sensorreadingsarenotavailable.
4BMShasbeenshutdownfor morethanI hr.
4BMShasbeenshutdownfor lessthan1 hr.

Statethatallowsthe4BMSto be initializedanda BITto beperformed.
A failurehasbeendetectedin the4BMS;automaticallytransitionsto Off if intheFailedstatefor morethan1 hr,
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Stop Fail

Commanded Transition

Automatic Transition

........ _OpeOpel

(Simplified for Clarity)

FICURE 91.--4BMS operational states and transition paths.

3.3.1.2.3 4BMS Performance

The CO 2 removal rate follows the graph shown in
figure 93. The requirements for the purity of the concen-

trated CO 2 are:

Less than l percent by volume oxygen.

Less than 2 percent by volume nitrogen.

Less than 18.3 °C (65 °F) dewpoint (defined by

the desiccant bed performance analysis). (This is
the reason that the inlet to the 4BMS is down-

stream of the CHX; however, the performance of

the 4BMS is less sensitive to the presence of

H20 than to loss of coolant.)

3.3.1.3 Dispose of CO 2

The CO 2 that is removed from the atmosphere by
the 4BMS is vented to space through a dedicated vent,

as shown in figures 78 and 81.

3.3.2 Control Gaseous Contaminants

The presence and concentrations of atmospheric
contaminants are monitored and excess contaminants

are removed from the habitat atmosphere.

3.3.2.1 Monitor Gaseous Contaminants

Major constituents are continuously monitored in the

ISS atmosphere, including the European, Japanese, Italian,

and U.S. modules. The SDS provides the sample ports at

the desired sampling locations. Samples are collected in

sequence from the different ports once each minute and

are analyzed for O 2, N 2, CO 2, HE, CH4, and HE0. The
capability for rapid sampling is also available (every 2 sec

from a single port). The information on the atmospheric

composition is used to monitor or operate the ACS,

CDRA, and TCCS. The measurement of H20 is for
information only due to concern about inaccurate readings
because of condensation in the lines.
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Normal Day/Night Mode Operating Sequence
, i

Component
Day

15
!

Selector Valve

Blower......................... 4

Desiccant Bed 1 ............... 91

CarbonDioxide ...............
Sorbent Bed2

Heater ........................

CycleTime, Minutes

I Night Day I Night I Day I Night I Day I Night

144 159 288
i I

,_-_,.,,.,_.-..- Position 1 • _ Position 2

Continuously On

Adsorb _ 11

Desorb • iI
Controlled

On_-_Off _ On __ . Off _ ql,
r _ r _ v

DesiccantBed3 ...............

CarbonDioxide...............
SorbentBed4

Heater..........................

Closed
SpaceVacuumValve......... _.,._4

On
Pump

Desorb , _ ql

Adsorb • ql

Off ]= = On _

Closed
Open _ _ _

On
_--Off _ _-_-_

Desorb •

Adsorb --1_

Off •

Adsorb •

Desorb •
Controlled

off_ on __. o.

Open •

Off •

Fxctq_E 92.--4BMS operating sequence.

3.3.2.1.1 Major Constituent Analyzer

(MCA) Design

A schematic of the MCA process is shown in figure

94. The MCA has the following characteristics:

• Mass

- 54 kg (119 lb),

° Power Consumption
- 103.3 W

• Volume

- 0.081 m 3 (2.85 ft 3)

As shown in figure 95, the MCA hardware consists of

seven ORU's having the following functions:

Data and control assembly (firmware control-

le0---command and data handling (C&DH)
interface

Mass Spectrometer (MS) assembly--Sample
analysis

Low voltage power supply--Converts 120 Vdc

to the required MCA voltages. Provides low-

voltage power for analog to digital converters,
power converters, electrometers, and mechanical
items

Series pump assembly--Draws samples through
the MCA:

- Maintains 53.3 kPa (400 torr or 7.7 psia)

at the MS inlet and 600 cc/min flow through

the sample lines
- The pump has a mass of 1.7 kg (3.8 lb)

and consumes 4.9 W of power

Inlet valve assembly--Selects sample ports

EMI filter assembly--Filters 120 Vdc supplied

by the ISS

Verification Gas Assembly--Used to calibrate
the MS.
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,-I-

F

(D.

4.00

3.50

3.00

2.50

2.00
2.00 3.00 4.00 5.00 6.00

HumanEquivalentUnit (HEU)

I

7.00

Notes:

(1) The area below the line definesthe CO2 removal performance region.
(2) 10 HEU= 10 kg/person/day (2.2 Iblperson/day) 002 removed
(3) The equation of the line is defined by:

HEU_>1.723 ppC02 (mmHg)-0.37975 for 2.0 < ppCO2< 3.9

FzcuRE 93.--CO 2 removal performance requirement.

Sample Inlet

GasMolecules_ =___

Ano o-
Dual Filament Ion Source_ _._!oo_._

FaradayCollectors _ .......'_\\_'_'_
1 ,r :-, \ \# --<-;t:.. ./..:..)_

_2-.-!-',_:..:."._..'_-)_)
..... .,q-i_'l • ../_o
#5 ..-,,1. {4-.1"..'/o _o\

FIectrO_a#1_el""_ "i{"_ °__1__ -°o _o

IonPump_ '

_- inlet Leak

Filament

_ ElectronBeam

Ion FocusingLenses

ObjectSlit Air SampleIn
Ion Beam (7 Inlet Ports)

_ MassSeparator(Analyzer)_

 --'na z°rMaonetI [AnalyzerVacuum Envelope

-- Ion PumpMagnet

Inlet Leak
with Heater

Mass

Spectrometer

ToVacuum
VentLine

Verification
Air Tank

3

,_t to
ck

FIGURE94.---Schematic of the MCA process.
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Circuit CardAssemblies (ORU)_

CardCage ---_

Mass Spectrometer (ORU)

High-VoltagePower

T
267 mm

(10.50 in}

483 mm

(19.00 in) __

432 mm

17.00 in)

mm

in)

Tank (ORU)

Low-Voltage
Power Supply (ORU)

EMI Filter (ORU)

InletValve

Assemblies(ORU)

Sample Pumps (ORU)

l_cu_ 95.--MCA hardware.

Four ORU's are schedu]ed maintenance items:

• MS assembly--2 yr

• Pump assembly--2 yr

• Inlet valve assembly--10 yr

• Verification gas assembly--3 yr.

The MCA software performs the following tasks:

• Provides continuous monitoring of the major

atmosphere constituents.

• Provides ppO 2 and ppN 2 results to the C&DH
system (which are used by the ACS subsystem).

• Monitors the performance of the CDRA (CO2)

and TCCS (CH4).

• Compares the calculated partial pressures with

the specified allowable ranges.

The MCA sensor specifications are shown in
table 28.
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TABLE 28.--MCA sensor specifications.

Sensor

AbsolutePressureSensor

VacuumSensor

MajorConstituent

CompositionSensor

Sensorlype

StrainGauge

Thermopile

SingleFocusMass
Spectrometer(ion
currentsensors,one

for eachconstituent)

Output

0 to 30mV

0 to I0 mV

6x10-'4to
2x10-'o A,

dependingon
theconstituent

Power Input

10Vdc,2.2mA

0.38V ac,
21mA

28Vdc±15 Vdc

Accuracy

0.5percentof full
scale

5pereentofreading

1to 5 percentof full
scale,dependingon
theconstituent

3.3.2.1.2 MCA Operation

The MCA operates by drawing a sample past the

single-focusing magnetic sector MS inlet leak where gas

is drawn into an ion source and the gas molecules are

ionized. The ions are then accelerated by an electron field

and pass into a shaped magnetic field where they are

dispersed by molecular weight. The dispersed ion beams

are focused into Faraday current collectors by resolving

slits. The collected currents are proportional to the partial

pressures. Molecules not collected are absorbed by an ion

pump. Air not admitted into the MS is returned to the AR
rack by a pump.

Operating modes are Initialize, Standby, Operate

Autosequence, Operate Single Source, Stop, and Shut-

down. The MCA power-up sequence has the following

steps:

• Verify interfaces.

• Verify initialized limits.

• Verify that all readings are in the expected

ranges.

• Set the state to initialize.

• Verify that the MCA is in the Standby/Override
state.

• Inhibit MCA closed loop control.

• Command seven sample port valves to position A.

• Verify that the valves are in position A.

• Provide a flow path for pump 1.

• Start pump and verify operation.

• Provide a flow path for pump 2.

• Start pump and verify operation.

• Switch on the MS inlet leak heater and verify

operation.

• Switch on the ion pump and verify operation.

• Switch on filament 1 and verify operation.

• Switch on filament 2 and verify operation.

• Perform verification line leak test.

• Command the MCA to perform verification.

• Command the MCA BIT.

• Command the MCA startup in autosequence state.

3.3.2.1.3 MCA Performance

The MCA range and accuracy are listed in table 29.
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TABLE29.--MCA performance characteristics.

Gas Accuracy, % FS Torr Detectability, Torr Range, lbrr

N2
02
II2
CH4
CO2

16.0
6.0
2.5
1.25
0.15

16.0
6.0
2.5
1.3
0.2

0 to 800
0 to 300
0 to 50
0 to 25
0to 15

3.3.2.1.4 Sample Delivery Subsystem (SDS)

The SDS provides the means to transport atmos-

pheric samples from sample port locations (in every U.S.

element, the JEM, the APM, and the MPLM) to the

MCA, as shown in figure 96. The conditions of the

samples at the interfaces between pressurized modules

are listed in table 30. The atmospheric samples are re-

turned to the atmosphere. The SDS includes three-way

valves and two-way valves in the sample delivery lines.

The SDS software provides the means to control the

three-way distribution valves. The two-way valves are

manually operated.

The sample line is made of stainless steel piping with

an outer diameter of 0.32 cm (0.125 in). An adapter per-

mits the sample line to connect with the shut-off valve

fitting, which is 0.64 cm (0.25 in) in diameter. The line is

held in place with stainless steel damps.

PMA-1

Cupola
Zl Truss

Node1
Lab

Node2

JEM

PMA-2

Hab

Flight
Direction

MPLM

APM

FIGURE96.--Atmospheric sampling port locations.
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TABLE30.--Atmosphericsampling interface conditions (D684-10508).

Interface Point

N1Probeto F

N1Probeto D

DtoF

EtoD

Eto F

Fto D

F to HabMCA

HabProbeto F

AL to E

D to LabMCA

LabProbeto D

Gto LabMCA

ICD(SSP) PressureDrop
kPa psla

41140 2.7 0.40

41141 2.7 0.40

41140 1.7 0.25

41141 2.7 0.40

41140 3.4 0.50

41141 1.7 0.25

41140 1.0 0.15

41140 1.7 0.25

41145 1.4 0.20

41141 3.8 0.55

41141 4.1 0.60

41143 2.7 0.40

41141 2.7 0.40

41143 3.4 0.50

41143 2.4 0.35

41143 3.0 0.43

41143 3.2 0.47

41143 2.1 0.30

41151 1.7 0.25

42007 0.7 0.10

41150 0.7 0.10

41147 1.0 0.15

GtoD

KtoG

ItoG

Hto G

LtoG

N2Probeto G

JEMto I

MPLMto L

APMto K

Centrifugeto H

Note:ICD--InterfaceControlDocument

Interface Conditions

PressureDuringCampout

kPa I psla

N/A N/A

N/A N/A

N/A N/A

64.8to 67.5 9.40to 9.80

64.1to 66.8 9.30to 9.70

N/A N/A

N/A N/A

N/A N/A

67.5to 70,3 9.80to 10,20

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

NominalOperatingPressure
kPa

93.0to 102.0

93.0to 102.0

86.8to 102.0

91.6to 100.6

90.9to 99.9

92.0to 100.9

N/A

94.0to 103.0

94.4to 103.3

N/A

91.6to 100.6

N/A

88.5to 97.5

91.3to 100.2

91.3to 100.2

91_8 to 103.1

91.6to 100.8

93.7to 102,7

94.0to 103.0

95A to 104.0

95.1to 104.0

94.7to 103.7

psla

13.50to 14.80

13.50to 14,80

12.60to 14,80

13.30to 14.60

13.20to 14.50

13.35to 14.65

N/A

13.65to 14.95

13.70to 15.00

N/A

13.30to 14.60

N/A

12.85to 14.15

13.25to 14.55

13.25to 14.55

13.32to 14.97

13.33to 14.63

13.60to 14.90

13.65to 14.95

13.80to 15.10

13.80to 15.10

13.75to 15.05

PressurePoint Flowrate

(scc/mio)

F 4O0

D 400

F (all cases) 400

D (fromAL) 400

F (fromAL) 400

D (fromHab) 400

N/A 400

F 400

E 400

N/A 400

D 400

N/A 400

D (all cases) 400

G(fromAPM) 400

G(fromJEM) 400

G(fromCntr) 400

L(from MPLM) 400

G 4OO

I 400

L 400

K 400

H 4O0

SDS features and points to remember:

• One sample line leads to the AR rack.

• The module-to-module bulkhead valves are

manually operated only.

• There is one sample port per module.

• There are no sample lines to the Russian Seg-
ment.

• Sample lines support both the Hab and Lab AR
racks.

• Rack location HAF5 has interface connections

for a second Hab CDRA in order to support the

payload CO 2 requirements.

Sample Line Shut-OffValve

The sample line shut-off valve (shown in fig. 97) is
made of stainless steel or other corrosion-resistant

materials. The design allows the valve to remain open or
closed without continuous power. The main characteris-
tics of the valve are:

• Dimensions

- 101 by ll0by 127 mm (4.0by 4.3 by 5.0in)

• Mass

- 1.4 kg (3.08 ib)

• Pressure drop
- <0.52 kPa at 600 cc/min of alr at 101.3kPa

and 21.1 °C (<0.075 psid at 600 cc/min of

air at 14.7 psia and 70 °F)

• Normal pressure range

- 92.4 to 104.8 kPa (13.9 to 15.2 psia)

• Temperature range

- 15 to 40 °C (59 to 104 °F)

• Internal leakage

- <0.25 sccm of air at 104.8 kPa (15.2 psid)
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6.84 mm (0.27 in) dia.
3 Holes 60.71 mm (2.4
dia. BoltCircle

71.9

(2.8 in) dia.

4.83 mm
(0.2 in) I ', I 127.0 mm

40.0 mm Max I 1 I (5.04 in)

(1.6 in) | l I, I Max
Max _, I I I

-

Inlet Outlet Port

- 101.0 mm

(4.0 in) Max

110.0 mm J-

(4.3 in) Max

88.6 mm_
(3.5 in) Max

I I enCte_alr

FIGURE97.---Sample line shut-off valve.

External Leakage
- <2.0E-5 sccm of air at 104.8kPa(15.2psid)

Power Supply
- 28 Vdc

Power Consumption

- 20 W peak during activation for < 1 sec.

Sample Probe

The sample probe, shown in figure 98:

• Includes a 2 micron wire mesh filter.

• Has no electrical power system (EPS) or
C&DH interfaces.

• Is mounted in the standoffs.

• Has direct access to habitat air.

Sample Line Filter

The sample line filter consists of a 2 _rn absolute

filter system containing a small HEPA-type cartridge and

a cleanable 8 by 8 mesh screen. The cartridge life is

estimated to be 1,451 days, with a 403 day cycle for

cleaning the screen. A two-piece threaded assembly

housing allows for maintenance of the filter. The main
characteristics of the filter are:

• Dimensions

- 33 mm diameter by 59.4 mm length (1.3 in

diameter by 2.3 in length)

* Mass

- 0.15kg (0.33 lb)

• Pressure drop

- 18 Pa H20 at 600 cc/min air flowrate (0.7 in

H20 at 36.6 in3/min air flowrate).
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FilterblockageisdetectedbytheMCAusing
flowratemonitoring.Theventilationsystemmustbe
inoperationtogetarepresentativesample.

Forsamplesfromothermodules,"jumpers"are
connectedthroughthevestibules,asshowninfigure146,
147,and148.All manualvalvesareopened(onlythose
valveswhichdonotexposethemoduletovacuum)and
groundcontrolcyclesthesolenoidvalvestoassureproper
function.

MDM Functions--The MDM functions are as follows:

Control AR distribution valve:

- This function provides control of the six AR
distribution valves connected to the MDM's.

- Activated by issuing an Open/Close com-
mand to the valves.

Control diverter valve:

- Provides Tier 1 access to the control valve.

- Receives position A/B commands from the

supply cabin air to AR rack function in

Command and Control (C&C) MDM.

- Provides command checking for hazardous
commands and command confirmation.

Control CO 2 bulkhead vent valve:

- The CO 2 bulkhead vent valve is located
outside of rack LAF6.

- Activated by issuing an Open/Close com-
mand to the valve.

- Provides Tier 1 access to the control valve.

Control MCA isolation valve:

- This function provides control of the MCA
isolation valves in the AR rack.

- Activated by issuing an Open/Close com-
mand to the valves.

Sampling Adapter

Before entering a module that has been sealed, a

sample of the atmosphere may be collected for analysis.

The External Sampling Adapter, shown in figure 99, is
designed to attach to the MPEV on the vestibule side of

the hatch, for this purpose. CHeCS-provided sampling

equipment then attaches to the adapter. The design of

the adapter allows for operation of the MPEV while the

adapter is in place. The Internal Sampling Adapter, also

shown in figure 99, is designed to attach to the module-

side of the MPEV, for sampling the vestibule atmosphere

and measuring its pressure.

3.3.2.2 Remove Gaseous Contaminants

Removal and disposal of gaseous contaminants is

performed by the TCCS.

3.3.2.2.1 Trace Contaminant Control

Subassembly (TCCS) Design

The TCCS hardware is shown schematically in

figure 100 and consists of the ORU's listed in table 31.
These ORU's are:

Sample
In

r"-

-- Swagelok FW

_-q.

Series In-Line Filter,
2-Micron, Stainless Steel Mesh

Swagelok OD SESO-OC4-S-200,

1/8 dia. Tube,

Stainless Steel With Viton Seal

t
25.4 mm

(1.00 in dia.)

89 mm

(3.5 in)

FICURE 98.--Sample probe.
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Charcoal Bed_The charcoal bed contains an

expendable activated carbon for removing higher molecu-

lar weight compounds. The carbon is impregnated with

phosphoric acid for ammonia removal. The charcoal bed,

shown in figure 101, is replaced at 90-day intervals (or

longer as determined by analysis of on-orbit contaminant

concentrations).

The canister assembly, cover, and filter retainer are
machined 6061-T6 aluminum and form a bolted assem-

bly. Filters are on the inlet and the outlet sides of the
canister. The inlet and outlet tubes are 2.54 cm (1.0 in)

outer diameter. The O-ring seals are made of fluorocar-

bon. The bed contains 23 kg (50 lb) of charcoal treated

with phosphoric acid.

External Sampling Adapter

Pressure Gauge

[]

Attachment Screw
I

Sample Port

Internal Sampling Adapter

Pressure Gauge

Vacuum Access

I1 I I Jumper Interface

I I
I I

I I

Sample Port

FIGURE99.--External and Internal Sampling Adapters.
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Flow Meter--The process airflow is monitored by a
flow meter. The design and construction have not been

determined as of this writing, but likely are similar to
figure 102.

Blower--The blower controls the air flow through

the TCCS. The design is similar to the blower for the

4BMS (it is a modified 4BMS blower). (See fig. 89.)

Catalytic Oxldizer--A High-Temperature Catalytic

Oxidizer (HTCO), shown in figure 103, contains a

paladium (Pd) on alumina catalyst to convert CO, CH4,
H 2, and other low molecular weight compounds that are

not absorbed by the charcoal bed to CO2, H20, or other
acceptable compounds. The HTCO is scheduled to be

replaced on orbit at 6-mo intervals due to catalyst

poisoning predictions (the interval may be longer pending

more detailed characterization of catalyst poisoning
reversability). A sorbent (LiOH) bed downstream of the

HTCO absorbs acidic oxidation products. The LiOH bed

is replaced at 90-day intervals. This system meets U.S.

180-day SMAC's and most (if not all) Russian 360-day
SMAC's at the generation rates specified in the "Prime

Item Development Specification for the Lab" (document

$683-29523D, table VII-A, page 111, 28 March 1995)

(also, reference NASA/MSFC memo ED62(36-94)).

Sorbent Bed_
Assembly

Flow
Meter

Valve

Air Out

Air In

Sample
Lines

Weight:
Power:

Average:
Emergency:
Peak:

Volume:

HeatDissipation:

77.2 kg (170 Ib)

180W
250 W
250 W

0.25 m3(15,216 in3
130 W

FICURE lO0.---Schematic of the TCCS hardware.
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BottomRetainer OutputBlock-

TopRetainer

CompressionSpring
8 Places

Port

FilterandScreen

Assembly2 Places-_

Canister

AnchorPlate

DryWeight

Volume(ORU)

CharcoalVolume

11.7kg

0.059m3

0.046m3

25.8 Ib

3,584in3

2,788in3

F1GURE101.--TCCS charcoal bed assembly.

Stainless Steel Heated Kapton Copper

M_i!iilt_ei.rrndagn_ii!_s[_?Uinntlng #Housing #RTlDe/Hmeeanttr /--_,Pr:fO_sHieealtd

-- t(;.......,E;,7::-,-- :-: ............

• 10._ T_ick J Polyimide # Referencej Solder Braze

Stainless Steel Foam RTD/Heater Joint Joint
FlowTube Insulation Element

Airflow

FIGURE 102.--Probable TCCS flow meter design.
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__ Insulation

Assembly

_Heat Exchanger

Assembly---, Connectol

- Screen Assembly
2 Places

Retainer Ring
2 Places

HeaterAssembly

Casing,
Canister Assembly

FIGURE103.--TCCS catalytic oxidizer design.

TABLE31.--TCCS ORU's.

ORUDescription Dimensions Mass

32.2 kg (71.0Ib)ActivatedCharcoalBed

(ImpregnatedWithPhosphoricAcid)
BlowerAssembly
FlowMeterAssembly
CatalyticOxidizerAssembly
LiOHSorbentBedAssembly
ElectronicsInterfaceAssembly

84x 43diacm

(33 x 17diain)
15x15xlScm(Bx6x6in)
15x 7.6x 15cm (6x 3 x6 in)
46x 28diacm (18 x 11dia in)
38x 20diacm (15x 8 dia in)

35.6x 18x 7.6cm (14x 7 x 3 in)

3.0 kg (6.6 Ib)
0.95kg (2.1 Ib)

13.7kg (30.1Ib)
4.2 kg (9.2 Ib)
4.5kg (10.01b)
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Thecatalyticoxidizer design requirements are:

• Flowrate: 70.8 L/min (2.5 scfm) (for a residence

time of 0.42 sec in the catalyst bed)

• Operating temperature: 399 °C (750 °F) nominal,

538 °C (1,000 °F) maximum (used to recover

catalyst conversion efficiency in the event of

poisoning and degradation of contaminant

conversion efficiency).

• Regenerable heat exchanger: Function--To
conserve heat within the oxidizer and minimize

the duty cycle of the heating element:

- The plate/fin counter flow design has a

calculated efficiency of 90 percent

• Design and construction: 0.5 kg (1.1 lb) catalyst

(Pd on 0.32 cm (1/8 in) alumina pellets):

- Two platinum wire heaters

- Two 50 ohm platinum wire, Inconel TM

600 sheath, RTD's.

The mass is 10.1 kg (22.3 Ib), the ORU volume is

0.019 m 3 (1,138 in3), and the catalyst volume is 0.49 L
(30 in3).

Sorbent (LiOIt) Bed--The LiOH bed, shown in

figure 104, removes the undesirable acidic byproducts of

catalytic oxidation such as HC1, CI 2, F 2, NO 2, and SO 2.

The fiowrate is 70.8 L/min (2.5 scfm). The bed contains

1.4 kg (3.0 lb) of LiOH. Most of the bed components are

made of 321/347 stainless steel. The filter assembly is

made of 316L stainless steel wire screen with polypropy-

lene mesh filters. Other metal components are made of

corrosion-resistant materials, and the O-rings are made
of fluorocarbon. The mass is 2.8 kg (6.1 lb), the ORU

volume is 0.004 m 3 (245 in3), and the sorbent volume

is 2.8 L (170 in3).

3.3.2.22 TCCS Operation

The habitat atmosphere flows through the charcoal

bed first, to remove high molecular weight contaminants.
A blower and flow meter downstream of the charcoal bed

control the air flowrate to maintain 4.2 L/sec (9.0 scfm).

Next, a portion of the air flows through the high tempera-

ture (399 °C, 673 K, 750 °F) catalytic oxidizer to remove

low molecular weight contaminants such as CH 4, H 2,
and CO. Then, the air enters a LiOH bed to remove any

acidic byproducts generated in the oxidation process,

before returning to the atmosphere via the THC return

duct. The regenerable HX conserves heat within the

oxidizer and minimizes the heating element duty cycle.

The TCCS operating states and transition commands

are shown in figure 105. The TCCS has five states of

operation:

• Off Hardware is unpowered, ready to initialize.

• Standby--Software is initialized and power is

enabled to the sensors, heater is off.

• Warrnup----Brings the heater up to operational
temperature; may require 6 to 8 hr to bring up a cold
unit.

• Full Up----The unit is placed in this state when the

warmup process is successfully completed; the
heater and blower are both active.

• Heater Override--Power to the heater is switched

off but air continues to flow through the assembly.

The TCCS operates primarily in two configurations:

full-up and heater override. During full-up operation, both

the front half (the charcoal bed) and the back half (cata-

lytic oxidizer and sorbent bed) are functioning. During

heater override process air continues to flow through the

TCCS, but the catalytic oxidizer is maintained at ambient

temperature. When unpowered, the TCCS is in the Off

state. Upon receiving an Initialize command, power is

activated to the TCCS circuits and the TCCS is placed in

the Standby state. From Standby the TCCS can be

commanded to operate Full Up, Heater Override, or

Shutdown. To operate full up, airflow is activated and

monitored and the catalytic oxidizer is activated. The

system is then in the Warmup state. In the Heater Over-
ride state, airflow is activated and monitored but the

catalytic oxidizer is not activated. For Shutdown, power is
deactivated within the TCCS.

Power up sequence: within the AR subsystem the

MCA and SDS are activated first, then the CDRA, and

finally the TCCS. The MCA and SDS are first in order to

begin sampling the atmosphere major constituents as soon

as possible.
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FICURE 104.--TCCS LiOH bed assembly.
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FIGURE 105.--TCCS operating states and transition commands.
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The TCCS power up sequence:

• Verify interfaces

• Verify initialized limits

• Verify that all readings are in the expected ranges

• Set the state to Initialize

• Verify that the TCCS is in the Standby/Override
state

• Inhibit TCCS closed loop control

• Provide a flow path for the blower

• Start the blower and verify operation

• Start the heater and verify operation

• Command the TCCS BIT

• Command the TCCS startup.

The TCCS process is shown in figure 106. The TCCS
maintains the concentration of contaminants in the

module atmosphere within acceptable limits by:

Absorbing high molecular weight contaminants
and ammonia.

Controlling the necessary process airflow.

Oxidizing low molecular weight hydrocarbons
and CO.

Protecting the catalyst from poisoning.

Chemically absorbing toxic byproducts of

catalytic oxidation.

Software controllers are used to:

• Control the trace contaminant removal process.

• Determine the status of the trace contaminant

removal equipment.

• Detect loss or degradation of the trace contami-

nant control functionality.

Process Sample Line

Cabin15.3Airm3/hlnletr SpeedSensorL(_)

(9.0 cfm),1__

Blower
Fixed Charcoal Bed

(22.7 kg (50 Ib) Charcoal)

Process Sample Line

Flow Meter

Orifice Plate

"11 10'7 m3/hr {6'3 cfm) Bypass
Post-Sorbent Bed

(1.4 kg (3.1 Ib) LiOH) ] CabinAir Outlet

"',_I 1 (ToTHC2

_ Process

Sample Line

L _mperature Sensors

Catalytic Oxidizer Assembly

(0.5 kg (1.1 Ib) 0.5% Pd on Alumina)
673 K (752 °F) Operating Temperature

811 K (1,000 °F) Maximum Temperature

FIGURE 106.--TCCS process diagram.
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ScheduledmaintenanceoftheTCCSinvolvesthreeORU's: 3.3.2.2.3TCCSPerformance

Thecharcoalbedassembly,replacedevery
90daysorlonger,dependingonthecontaminant
load

TheLiOHbedassembly,replacedevery90days
orlonger,dependingonthecontaminantload

Thecatalyticoxidizerassemblyreplacedonce
eachyear.

Theallowableconcentrationsofcontaminants
arelistedintable32.(Amorethoroughlist,including
generationrates,is in"ControlInternalCO2 and Con-
taminants Capability Description Document," D684-

10216-01, Boeing.)

TABLE32.--Maximum allowable concentrations of atmospheric contaminants.

Potential ExposurePeriod

Chemical 1 hr l 24 hr 1 7 days 31)days 180 days

Acetaldehyde
Acrolein
Ammonia
CarbonDioxide
CarbonMonoxide
1.2-Dichloroethane

2-Ethoxyethanol
Formaldehyde
Freon113

Hydrazine
Hydrogen
Indole

Mercury
Methane
Methanol

Methylethylketone
Methylhydrazine
Dichloromethane

Octamethyltrisiloxane
2-Propanol
Toluene

Trichloroethylene
Trimethysilanol
Xylene

mg/rn3
mg/m3
mg/m3
mmHg
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3

20
0.2
20
10
60
2
40
0.5
400
5
340
5
0.1
3,800
40
150
0.004
35O

4,000
1,000
60
270
600
43O

10

0.08
14
10
20
2
4O
0.12
4O0
0.4
340
1.5
0.02
3,800
13
150
0,004
120

2,000
240
6O
60
70
43O

4
0.03
7
5.3
10
2
3
0.05
40O
0.05
340
0.25
0.01
3,800
9
30
0.004
5O
1,000
150
60
5O
40
220

4

0.03
7
5.3
10
2
2
0.05
4O0
0.03
340
0.25
0.01
3,800
9
3O
0.004
2O
2O0
150
60
20
4O
220

4

0.03
7
5.3
10
1
0.3
0.05
400
0.005
340
0.25
0.01
3,BOO
9
3O
0.004
10
4O
150
6O
10
40
220
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3.3.2.3 Dispose of Gaseous Contaminants

Sorbent materials in the TCCS are replaced periodi-

cally (as described above) and the used materials are
discarded.

3.4 Fire Detection and Suppression

(FDS)

The means to detect, isolate, and extinguish fires

must be present in all locations where this capability may
be needed. The FDS equipment is located in each module

containing powered racks, as indicated in figure 107

through 113.

Legend

Zl Truss _ Cupola

Russian Xr__j__._ "_

Segment _ Node1 _ Lab
PMA-1 /_ _EL-"_--'_('_

PMA-3 _

\

/
Node2 _"1MA-2

D

t

d?

SuppressionPort

PortableFire Extinguisher

Smoke Detector

PortableBreathingApparatus

Visual Indicator (LED)

ISPR FDSequipmentrequired dependson
payloadand payload rack integration,
Theseschematics show worst-case

scenario until payload rack designs are
finalized.

F1GUI_E107.--FDS subsystem.
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FIcvl_ 108.--FDS subsystem (continued).
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FIGURE 109.--FDS subsystem (continued).
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FIGURElll.--FDS subsystem (continued).

3.4.1 Respond to Fire

Ventilation in equipment and experiment racks

provides some cooling but is primarily required for fire

detection. Circulation fans are in all racks requiring

smoke detectors so that an incipient fire can be quickly
detected and located.

An AAA (circulation fan with an HX, see section

3.2.1.3) is required

in the following racks:

• LAF6---ARS rack

• Lab ISPR's (optional) LAC1-5, LAS1-4,
LAP1-4

• HAC4-----CHeCS EHS/HMF rack (at Flight 6A
this rack is located at LAF4, where the fuel-cell

water storage racks are later located)

• HAC5---CHeCS EHS rack

• HAF3 Water processor

• HAF4---Urine processor

• HAF5--ARS rack

• HAF6--ARS rack

• HAP1 Wardroom.

Racks with detectors have red LED's that blink when

the detector is activated. When a fire is detected an

audible alarm is sounded and the C&W panel (shown in

fig. 114) indicates the presence of a fire. The immediate

crew response is to don PBA's and to read the messages

on the laptop computers that identify the sensors acti-
vated. If the crew detects a fire before the automated

system, a "Fire" button on the C&W panel allows the
crew to activate the alarm.

The automated response to a fire depends upon
whether a rack sensor or a cabin sensor is activated, or
whether a crew member initiated the alarm. When a rack

sensor is activated, the response is to:

Remove power to the rack (except to the LED) in

order to isolate ignition sources and stop internal
airflow.

Stop air exchange between the affected module

and adjacent modules.

Perform further actions as necessary by the crew

and ground controllers to extinguish the fire.
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Whenacabinsensorisactivated,theresponseisto:

• Stopcabinairflowwithintheelement.

• Stopairexchangebetweentheaffectedmodule
andadjacentmodules.ForNode1,theaftIMV
valvesarecommandedclosed.

• StopallO2/N2introductionintothecabin.

• Performfurtheractionsasnecessarybythecrew
andgroundcontrollerstolocate,isolate,and
extinguishthefire.

Whenacrewmemberinitiatesanalarm,theresponse
isto:

• CloseallIMVvalvesandswitchoffallIMV
fans.

• Stopcabinairflowwithinthemodules.

• SwitchtheCDRAtoStandby.

• StopallO2/N2introductionintothecabin.

• Switch the MCA to Standby.

• Perform further actions by the crew and ground
controllers to locate, isolate, and extinguish the

fire.

Module depressurization is not an automated response

and can only be initiated by the crew or Ground Control.

3.4.1.1 Detect a Fire Event

Fire is detected by smoke detectors in the racks with
internal airflow, smoke detectors at the ventilation return

air ducts, and by the crew's sense of smell or other senses.

No single failure can cause loss of the capability to detect
fires where such loss of functionality may create a catas-

trophic hazard.

Smoke detectors monitor the Lab atmosphere for the

presence of smoke or other combustion particles. Upon
sensing smoke a detector sends a signal to the command

and control processor. Also, the crew can manually
initiate fire event notification. A Class I alarm is activated

that visually indicates the fire's location.

The smoke detectors, shown in figure 115, are 17.5

by 17.8 by 14.6 cm (6.9 by 7.0 by 5.75 in), have a mass of

1.41 kg (3.11 lb), and use 1.48 W continuous operating

power.

F
5.00

%__D_E_' CAUTIONANDWARNING ' 0

! i

o o IF7

10.5 in :

FIGURE ll4.--USOS C&W panel.

3.4.1.2 Isolate Fire Control Zone

Measures are taken to isolate the fire within 30 sec

to keep it from spreading. This is done by switching off

power and ventilation to the affected location. Inter-
module ventilation is also switched off within 30 sec after

activating a Class I fire alarm.

3.4.1.3 Extinguish Fire

At each potential fire source location the means for

applying a fire suppressant is provided via a port (shown
in fig.116), so that any fire can be suppressed within 1

min of detection. When necessary to depressurize a

module, the atmosphere can be vented through a vent

valve to achieve an oxygen concentration of <3.4 kPa (1.0

psia) within 10 min.

PFE's, shown in figure 117, are 47.8 cm (I8.8 in) in

height by 35.0 cm (13.8 in) in diameter and have a mass
of 5.35 kg (11.8 Ib). The PFE's are manually activated
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andeachcontain2.7kg(6lb)ofCOe at 5.86 MPa (at 22
°C) (850 psia (at 72 °F)) and are certified for use on Class

A, B, and C type fires. The PFE's are equipped with a

cone nozzle for open cabin use or to attach to the ISPR

fire ports. To suppress a fire in a rack, a PFE is connected

to the rack face by breaking the plastic seal over the fire

port and directing suppressant into the rack. The 02
concentration in an enclosed fire protection location is

reduced to < 10.5 percent within 1 rain of suppressant

discharge. When CO 2 is discharged, the PFE becomes

extremely cold. The bottle temperature drops to -18 °C ((3

°F) and the nozzle temperature drops to -34 °C (-32 °F).

The handle remains within allowable touch temperature
limits.

I Electronics 1

ScatterPath

ObscurationPath

Ficta_ ll5.---Smoke detector.

3.4.1.4 Recover From a Fire

The CO 2 discharged from a PFE is removed from the
atmosphere by the CDRA. If a module is depressurized to

extinguish a fire or to remove contaminants from the

atmosphere, the capability is present to repressurize the
module to restore the habitable environment.

3.5 Waste Management (WM)

The WM equipment is located in the Hab and

consists of the commode and urinal, shown schematically
in figures 118 and 119.

3.5.1 Accommodate Crew Hygiene
and Wastes

The commode operates by pulling cabin air through
the commode seat to draw feces into the waste canister.

The blower is activated when the seat lid is lifted and

operates for about 30 sec after the lid is closed. A replace-

able plastic fecal collection bag covers the opening to the

waste canister and holds the feces. After use, the bag is

sealed with a plastic lid and is compressed into the waste

canister by a piston. The piston is moved into position

over the canister to compact the fecal collection bags.
Each canister is sized to hold about 28 defecations and a

signal notifies the crew when full. When removing a

canister, a filter lid is placed on it and the canister is

stored for return to Earth. The canister may be cleaned
for reuse.

The urine collector consists of a funnel with cabin

airflow directing the urine into the funnel. Each crew

member has his or her own replaceable funnel. To

stabilize the urine for processing (e.g., to prevent urea

from forming ammonia) each liter of urine is pretreated
with at least 5.00 g Oxone ® and about 2.30 g sulfuric acid

(H2SO4) before being delivered to the urine processor.
The maximum level of acid is 3.65 g/L of urine, including

1.33 g/L of potassium bisulfate (KHSO4) that is needed to
form the H2SO 4 into solid tablets. The Oxone ® is also in

the form of solid tablets. These tablets are then packaged

in "strings" that are about I5.2 cm (6 in) long, as shown
in figure 120, with Gore-Tex ® covering and Teflon TM

lacing. With a debris filter attached to the string, the
length is 25.4 cm (10 in). One string is placed in the urine

inlet line, as shown in figure 119. For a crew of four

people, the string is replaced twice each day. For long-

term storage, the strings are packaged to prevent moisture
intrusion.

3.6 Water Recovery and Management

(WRM)

WRM services available in the Lab at Flight 6A are

limited to condensate collection, storage, and venting. The

capability to add water processing to the Lab is included,

but until the Hab is operational at Flight 19A, the Russian

Service Module provides potable water for U.S./interna-

tional astronauts when the space shuttle is not docked to

the ISS. Potable water is also provided by the space

shuttle, which produces excess water from fuel cells.
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FIcvaz ll6.--Fire suppression port (in an ISPR front).
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FIGURE 119.nUSOS WM urinal schematic.
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TheWRMsubsystemexternalinterfacesareshown
infigure121.TheWRMsubsystem,shownschematically
infigure122,distributespotablewaterforcrewuseand
forpayloads,andcollectswastewaterforprocessing.The
WRMequipmentislocatedintheHab,butwastewateris
collectedfromandprocessedwaterisdeliveredtoother
modules,asshownin figures123through129.

TheWRMservicesinthe Hab after Flight 19A are:

• Water quality monitoring

• Potable water supply

• Hygiene water supply

• Wastewater processing

• Urine processing.

3.6.1 Provide Water for Crew Use

Potable quality water is provided for crew consump-

tion and hygiene purposes. The WRM subsystem pro-

cesses wastewater into potable water. To ensure that the

water is of acceptable quality, the composition of pro-
cessed water is monitored as described below. Prior to

installation of the Hab, the wastewater consists of con-

densate from the THC subsystem and EMU wastewater.

This water is stored in the condensate storage assembly

and vented overboard periodically or is manually trans-

ferred to the RS for processing.

After the Hab is installed, wastewater also includes

hygiene return water (oral hygiene water, and handwash

water) and pretreated urine (from the WM subsystem).

Additional sources include CHeCS waste, animal conden-

sate, and wet-shave water. The WRM subsystem also

provides storage and distribution of potable, waste, and

fuel-cell water; and vents to space excess wastewater that

cannot be processed or used by the ISS. These features
and capabilities are described below.

The major assemblies and ORU's of the WRM are:

• Wastewater vent assembly

• Condensate storage assembly

• Fuel-cell water storage tanks

• Water distribution network

• Water Processor (WP)

• Process Control and Water Quality Monitor
(PCWQM)

• Urine Processor Assembly (UPA)

• Contingency water collection bags (for manual

storage and transfer of water).

Urine Prefilter/Pretreat Assembly
(Configuration B)

\ J_._

Inlet DebrisFilter Pretreat Tablets

- Oxone®
- Solid Sulfuric Acid

J

Oxone® is a registered trademarkof the DuPont Company

Flcum_ 120.--Urine prefilter/pretreatment assembly.
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FIGURE121.--WRM subsystem interfaces.

3.6.1.1 Wastewater Vent Assembly

The wastewater vent assembly provides controlled,

non-propulsive venting of wastewater from the ISS.

Venting may be initiated manually or automatically

via computer control. Two vent assemblies, shown in

figure 130, each consist of two solenoid valves in series,

a particulate filter, a dump nozzle, and a heater jacket

assembly. The vent assemblies are located in the forward

end of the Lab, 180 degrees apart, as shown in figure 131.

The vent assemblies are EVA maintainable, designed to
prevent freezing and clogging, comply with contamina-

tion requirements, and minimize fluid dynamics. The
wastewater vent assemblies consist of:

Two-way solenoid valves (two for each assem-

bly) mounted in series to control venting

operations and isolate the internal atmosphere

from the external environment when not venting.

These are replaceable from inside the Lab
module.

Nozzle heater (one for each assembly) to heat the

nozzle during pre-heat, venting, and post-heat

operations. This is replaceable from outside the
Lab module.

Heater jacket (one for each assembly) to support

heating the nozzle during pre-heat, venting, and

post-heat operations. This is replaceable from
outside the Lab module.

Plumbing and orifice made of 1.27 cm (0.5 in)

diameter titanium tubing. The orifice is sharp-

edged.

Particulate filter (1 for each assembly) made of

titanium mesh to remove particles as small as

100 microns. This is replaceable from inside the
Lab module.

167



Fuel Cell Water

Storage

1
From

Shuttle
Contingency

Accessto Crew

Makeup Water

D
L_

WRM Functions

Non-WRM ECLSSFunctions

Non-ECLSSFunctions

empera/ture/ / /
VAnd .umidii_///_ Urine_[//////_/urine////I

7//C°ntr°l///l V///////I

_ Condensate
' -_"l_Vent r// / / / ///I

Water I / / Urine/Flush/ / I
I co,oct,o. _ r///Water'///1

_1 and Storage I/ /Pretreatmenz / l
I r / / / / / / / A

 Ur,ne,Flushwater

Water

Processing
and Monitoring

Distillate I

Urine/Flush
Water

Processing

Reclaimedwater$ il"'r'°''Iand Distribution

Brine

/////
[///Return Waste//]

V//,_o_,,///j

FIGURE122.--WRM subsystem architecture.
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Venting constraints and concerns include:

Scheduling of venting times---No venting is

performed during EVA's, space shuttle approach/

departure, space shuttle docked operations, or
ISS attitude maneuvers.

• Automated venting--Venting time constraints

are incorporated into the controlling software.

Water quantity (Q) in tank--Determining the

best times to initiate the manual venting opera-

tion since waiting until Q = 60 kg (132 lb) may

not always be prudent.

• Perform venting operation in sunlight when
feasible.

3.6.1.2 Condensate and Fuel-Cell Water

Storage Tanks

The condensate tank is located in the Lab and

provides for temporary storage of wastewater. The tank

has a capacity of 75 kg (165 Ib) to provide storage for at

least 68 kg (150 Ib) of wastewater. The dimensions are

0.39 m (15.5 in) diameter and 0.90 m (35.5 in) length,

with a total volume less than 1.7 m 3 (20 fi3). The tank

is a positive expulsion bellows-type, made of an
Inconel TM bellows with an aluminum shell, vented to

the atmosphere. Wastewater can be received at a rate up

to 2.3 kg/hr (5 lb/hr) at a pressure between 101 to 156 kPa

(0 to 8 psig) and a temperature between 18.3 and 45.0 °C

(65 and 113 °F). There are two quantity sensors that allow

automatic control and remote wastewater venting. Water

is removed from the tank through the vent assembly or

by manual draining via a QD connector. The condensate
storage tank is located in rack LAF3 and is connected
to the wastewater network.

Fuel-cell-water tanks are located in the Lab (deliv-

ered in the MPLM and moved to the Lab) and provide for

temporary storage of fuel-cell water received from the

space shuttle. Each tank is the same design as the conden-

sate tank. Storage for up to 408 kg (900 lb) of water is

provided. The total volume of all fuel-cell-water tanks is
to not exceed 4.7 m 3 (55 ft3). Fuel-cell water can be

accepted from the space shuttle at a rate of 109 kg/hr

(240 lb/hr) at a pressure between 69 and 207 kPa (10

and 30 psia) and a temperature between 18.3 and 45.0 °C

(65 and 113 °F).
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Wastewater Vent Location--Lab forward lookingaft (A) and Lab port looking
starboard (B). Eachvent operates at 65 kg/hr (143 Ib/hr) at a cabin pressure
of 101.3 kPa (14.7 psia). Nominally, both vents are operated simultaneously
to provide "non-propulsive" venting. This operation is controlledby the ECLSS
software, but may be initiated by crewor groundcommand.
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FIGURE 131.--USOS wastewater vent locations.
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3.6.1.3 Contingency Water Collection

Contingency storage for up to 43 kg (95 lb) of water

is provided by a collapsible soft container that was

developed for use on the space shuttle. This container,

shown in figure 132, may be connected to the THC during

maintenance of the WRM subsystem or to any plumbing

that uses the male half of the wastewater QD. The con-

tainer can be drained by connection to the wastewater

vent assembly. The time required to empty the container

is approximately 40 rain (with a cabin pressure of

101.3 kPa (14.7 psia)). The container has a maximum

operating pressure of 55.2 kPa (8.0 psig) with a burst

pressure of 193 to 214 kPa (28 to 31 psig). The maximum

capacity is 50 to 54 kg (110 to 120 lb). The container has
an inner urethane rubber bladder with a Nomex TM fabric

outer layer (with handles). A 1.27 cm (0.5 in) outer dia-

meter titanium tube has a QD for attachment of a flexible

hose with QD attachments.

I
/

(22 in) "'"_-"_---._ J

l_ctr_ 132.---Contingency water collection container.

3.6.1.4 Water Distribution Network

There are three water distribution networks as shown

in figures 123 through 129: the wastewater network, the

potable water network, and the fuel-cell-water network.

The networks consist of rigid metal tubing (1.27 cm (0.5

in) outer diameter titanium) with manual QD's, flexible

hoses with QD's, and fixed fittings. There are permanent

mountings in the standoffs for the wastewater and potable
water interfaces.

The wastewater network extends through all USOS

modules and the APM and JEM, and provides for the
transfer of condensate/wastewater from the THC CCAA's,

urine processor, and other wastewater generating devices

to the condensate storage tank, vent assemblies, and water

processor. The wastewater network is pressurized to 101

to 156 kPa (0 to 8 psig).
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The potable water network is located in the Hab.

This network provides for the distribution of potable

water from the WP to the drink dispenser, shower,

handwasher, waste management compartment, and

galley. The potable water network is pressurized to

103 to 206 kPa (15 to 30 psig).

The fuel-cell-water network extends through all

USOS modules, although access is only available at
PMA-2 and -3 interfaces and at the fuel-cell water

storage tank. This network provides for the transfer of

fuel-cell water from the space shuttle to the ISS fuel-cell

water storage tank. The fuel-cell water network is

pressurized to TBD kPa (TBD psig).

3.6.2 Monitor Water Quality

The CHeCS provides most of the water quality

monitoring. In addition, the PCWQM monitors the

purified water downstream of the water processor.

3.6.2.1 Process Control and Water Quality
Monitor (PCWQM)

The PCWQM, shown in figure 133, is located in the

Hab and monitors the purified water processed by the WP.

The water quality is monitored for compliance with the

specifications listed in chapter I, table 10 of "Water

Quality Requirements" (SSP 41162B), with continuous

monitoring by the PCWQM for conductivity, pH, photo-

metric iodine, and Total Organic Carbon (TOC) via

infrared (IR) CO 2 detection. (Samples are collected for
analysis on Earth for the other compounds.) The process

consists of the following steps and components:

The PCWQM receives purified water from the

W'P ion exchange bed.

Conductivity, temperature, and iodine level are

monitored continuously, and temperature is used

to adjust the pH and conductivity readings. One

hundred percent (120 cc/min) of the product

water is monitored. The pH sensor is an ion-

specific electrode, with a range from 5.0 to 9.0

and sensitivity of -.0.5. The conductivity sensor

is electrometric (temperature compensated)
and is used for BIT, with a range from 1 to

30 _tS/cm (1 to 30 _tmhos/cm) and sensitivity of

±0.1 p.S/cm (0.1 _tmhos/cm). The iodine sensor

is photometric, with a range from 0.1 to 6.0 mg/L

and sensitivity of -"0.2 mg/L.

TOC and pH are analyzed continuously in the

sample loop. The sample loop monitors a

sidestream (1 cc/min) taken from the process

loop. The TOC analysis process involves:



FIGURE 133._USOS WRM PCWQM.
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- MeasuringthepH.

- Passingthesamplethroughthesolidphase
acidifierwhichconvertscarbonatesand
bicarbonatestoCO2.

- RemovingCO2(derivedfromcarbonatesand
bicarbonatesin theacidifiedsamplestream)
withtheTotal Inorganic Carbon (TIC) Gas/

Liquid Separator (GLS). The CO 2 is subse-

quently vented to the cabin air.

- Oxygen is then mixed with the sample and the

mixture is exposed to ultraviolet (UV) light to

oxidize the organic carbon to CO 2. The TOC

GLS removes CO 2derived from oxidized
organics.

- The CO 2 is then subjected to IR light and an
IR detector measures the amount of light ab-

sorbed, which is directly proportional to the

amount of organic carbon (the TOC) that was

present in the sample. The detector has a range

from 100 to 1,000 lag C/L and sensitivity of

± 50 lag C/L.

The TOC sample is then returned to the WP

upstream of the ion exchange bed to remove

any contaminants that may have been intro-

duced during the TOC analysis process.

The only expendable components are:

The PCWQM pH calibration module that is

replaced every 90 days or longer.

The Solid Phase Acidification (SPA) module that

provides dilute phosphoric acid and is replaced

every 90 days or longer.

Nonexpendable components include:

• QD's--To allow disconnection of fluid interfaces

• Manifold assemblies--To direct fluids through

the PCWQM

• Three-way solenoid valves To direct the water

sample through the PCWQM

• Two-way solenoid valves To direct fluids

through the PCWQM

• Pump assembly--To pump the sample through

the PCWQM

• Gas/liquid separator--To purge gases into the
cabin air

• UV reactor--To oxidize organic carbon to CO 2

• Flow restrictors--To limit the flow of O z to the
gas/liquid separator

• Pressure regulators--To regulate 0 2 pressure and
water sample return pressure

• Cooler--To cool the sample after the UV reactor

• TOC assembly--To monitor the TOC level

• Temperature/conductivity modules--To monitor

the condition of the water sample

• Iodine sensor--To monitor the iodine content of

a water sample

• Pressure transducer units--To monitor the water

pressure

• pH detectors and probe--To continuously

monitor the pH of the sample water

• Temperature sensors To monitor the tempera-

ture of the water sample after the UV reactor and
cooler

• CO z detector--To measure the amount of IR

light absorbed by the CO 2 received from the UV
reactor, corresponding to the TOC.

3.6.3 Supply Potable Water

Potable water is distributed from the WP to the use

locations via the potable water network.

3.6.4 Supply Hygiene Water

Water for hygiene use is processed in the WP

(described in section 3.6.5.1) and meets potable water

quality specifications.

3.6.5 Process Wastewater

Wastewater from hygiene uses and condensate from

the THC is processed in the WP. Urine is processed in a

Vapor Compression Distillation Subassembly (VCDS)

to recover water that is then processed in the WP.

3.6.5.1 Water Processor (WP)

The WP is located in the Hab and provides for the

processing of wastewater into potable water for crew

consumption, hygiene use, experiment payloads, and the

water electrolysis 02 generator. Waste and potable water
storage is also provided by the WP. Storage is provided



foratleast59kg(130lb)ofwastewaterandatleast
409kg(900Ib)offuel-cellwater.Wastewatercanhave
upto 10percentfree-gascontentbyvolume(atatem-
peratureof4.4°C(40°F)andapressureof143kPa
(20.7psia).Processedurinecanhaveupto5percent
free-gascontentbyvolume(atatemperatureof4.4°C
(40°F)andapressureof 143kPa(20.7psia).

3.6.5.1.1WP Design

The WP, as shown schematically in figure 134,

includes the following components:

• Inlet ORU--Mostly Liquid Separator (MLS),

wastewater storage tank, pump, valves, tubing,

sensors, etc.

• Filter ORU

• Unibed ORU's--two unibeds

• VRA ORU:

- Two regenerative heat exchangers and
electric heater

- Gaseous 02 supply valves and sensors
- VRA reactor

- Ion exchange "polishing" bed

• PCWQM ORU's

• Membrane gas/liquid separator

• Product water storage tank ORU--two tanks

• Product water delivery tank ORU

• QD's to aid in maintenance

• Two-way solenoid valves to control the flow

of wastewater and processed water

• A three-way solenoid valve to recycle water

that needs to be reprocessed

• Relief valves to ensure that the WP does not

overpressurize upstream of the particulate filter
and the unibeds

• Wastewater storage tank to temporarily store

water to be processed by the WP

• Product water storage tank to temporarily store

water that has been processed

• Product water accumulator and delivery tank to

store and pressurize water prior to distribution

• Pressure regulator to regulate the pressure in the

HX and Volatile Removal Assembly (VRA)

• Recirculating pump to regulate delivery of water

from the WP wastewater storage tank to the

purification process

• Pressurization pump downstream of the MLS to

provide pressure to the processor

• Product water pump to pump water from the

product water storage tanks to pressurize the

product water delivery tank and the potable

water distribution system

• MLS to remove free gas from the wastewater

prior to filtration and processing

• Gas/Liquid Separator to remove free gas from

the processed water downstream of the VRA

reactor, which can liberate dissolved gas in the
water

• HX to preheat the process water before entering
the heater and VRA reactor, and to cool the

water exiting the VRA before entering the ion

exchange bed

• Heater to heat the process water prior to entering
the VRA reactor

VRA reactor to oxidize low molecular weight

alcohols (e.g., methanol and ethanol) contained

in the wastewatcr. The O 2 required for this
process is provided by the ACS. Byproducts of

the reaction may include aldehydes and carboxy-
lic acids

• The PCWQM to monitor the quality of the

processed water, described above

• Quantity sensors to measure the amount of water

in each storage tank

• Pressure sensors to monitor the water pressure

and pressure drops in the WP. Also, sensors to

monitor the 02 pressure from the ACS

• Conductivity sensors to measure the conductivity

of the water prior to the HX's

• Temperature sensors to measure the temperature

of the heater and the VRA reactor to gauge

performance.

3.6.5.1-_ WP Operation

Wastewater is purified using multifiltration through

ion-exchange resins and sorbent materials with catalytic

oxidation of trace organics. The purified water meets

potable water quality specifications. The process consists

of the following steps and components:
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• Wastewaterisreceivedfromthewastewater
network.

• FreegasisremovedintheMLS.

• Wastewateris temporarilystoreduntilbeginning
thepurificationprocess.

• Wastewaterthenflowsthroughaparticulatefilter
toremoveparticulates0.5micronsindiameter.

• "Unibeds"containingsorbentmaterialsandion
exchangeresinsthenremovemostofthe
contaminantsfromthewater.

• Thewaternextisheatedtoapproximately
127°C (260 °F) before entering the VRA

reactor, consisting of a solid catalyst to oxidize

low molecular weight organic compounds to

CO 2 and organic acids. 02 for the reaction is
provided by the ACS subsystem.

• The water is then cooled in heat exchangers

before going to an ion exchange bed where the

oxidation byproducts are removed. Excess 0 2
is removed by a membrane gas/liquid separator.

The ion exchange bed also adds iodine as a
biocide.

• The water quality is monitored by the PCWQM.

When the water does not meet the required

specification it is routed to the WP wastewater

tank for reprocessing. Acceptable water is

delivered to the product water storage tanks (two

61.3 kg (135 lb) capacity tanks). To protect the

internal plumbing from microorganism contami-

nation the recycle line contains a Microbial

Check Valve (MCV), consisting of an iodine-

impregnated resin in a stainless steel case.

• The product water delivery tank is filled from the

storage tanks and provides water to the potable
water distribution network.

3.6.5.13 WP Performance

The WP processes 9.17 to 13.60 kg/day/person

(20.22 to 29.88 lb/day/person) of wastewater (humidity

condensate, waste hygiene water, and water recovered

from urine) to meet the specification for potable water.

The WP provides an average of 2.8 kg/day/person

(6.2/b/person/day) of water for food rehydration,

consumption, and oral hygiene; 6.8 kg/day/person

(15.0 lb/person/day) of water for hygiene use; 2.2 kg/day

(4.8 lb/day) of potable water for payload use; and up to

3.3 kg/day (7.35 lb/day) of potable water for life science

experiments.
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3.6.5.2 Urine Processor (UP)

The UP is located in the Hab near the WMC.

3.6.5.2.1 UP Design

The UP process is shown schematically in figure 135.
The processing is performed by a VCDS.

Expendable components include:

• Recycle filter tank--Replaced every 30 days.
This is a 22 L (0.78 ft 3) tank to collect brine
solids when the concentration of solids in the

process urine is 25 per cent. A 10 micron filter
is in the tank.

• Microbial filter Replaced every 90 days. It

is located in the return line between the output

section and input section of the pump. Output

water that does not meet the conductivity

requirements is routed back to the pump input
through this resin bed impregnated with iodine
and a check valve.

Nonexpendable UP components include:

• Pretreat urine tank assembly--Located at the

input of the UP to receive urine/flush water from

the WMC at 145 to 207 kPa (21 to 30 psia). The

tank stores a maximum of 20.4 kg (45 lb) of
urine/flush water.

Quick disconnects--To support maintenance of

selected UP components (expendable and non-

expendable).

Two-way solenoid valves--To control urine flow

and to support non-condensible gas purging and

system purging for maintenance.

Three-way solenoid valve---Located just prior to

the UP output interface this valve provides the

ability to route reclaimed water to the recycle

loop when conductivity exceeds 150 _tmhos/cm.

Manual valves--Located on either side of the

recycle filter tank to allow stopping the flow into

and out of the recycle tank so it may be removed

and replaced.

Relief valves To relieve input urine/flush water

pressure and to relieve reclaimed water output

pressure.

Check valves--To protect against backflow at

various locations, as needed.
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• Regulator Located in the purge assembly after

the gas/liquid separator to provide the regulation

of reclaimed water back into the VCDS output
flow.

° Peristaltic pump--A four-section pump operat-

ing at 8 rpm. One section pumps unprocessed

and recycled urine/flush water to the HX and

distillation assembly, two sections operating in

parallel retrieve excess wastewater from the

VCDS and pump it to the recycle filter tank and

recycle loop, and one section pumps the re-

claimed condensate from the VCDS and purge

assembly to the UP output.

• I-IX_Wastewater from the VCDS is used to

warm the input water. This also cools the

wastewater before it reenters the peristaltic

pump.

Distillation unit---Provides zero-gravity distilla-
tion of urine/flush water to clean water. The

process is:

- Urine/flush water is fed into the center

of a slightly tapered rotating drum (about

180 rpm).
- A thin film of wastewater is formed on the

inside surface of the drum.

- A compressor (2,400 rpm) lowers and main-
tains the pressure in the drum at about 4.8 kPa

(0.7 psia) to vaporize the water.

- This water vapor then is removed by the
compressor and transferred to the outside

of the drum. (Residence time is about 2 min

for water entering the drum.)

- The major impurities are left behind inside
the drum.

From
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Pretreated
Urine Tank

Distillation Unit

Reprocess (

Coolant

............................
I Pump

Water

°°.°.=...|

_] luidsPump

_.@ Conduclivi_
Sensor

J

' .......... _ Purge Gas
to Cabin
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(Via Wastewaler

DistributionLine)

RecycleFilter Tank

FZ_UR_ 135.--USOS UP schematic.
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- Theremainingexcesswastewaterandsolid
impuritiesinsidethedrumareremovedby
parallelsectionsoftheperistalticpump.

- Thepurgepumpremovesnoncondensable
gasesbyoperatingfor2minoutofevery
10min.

Purgepump--Afour-sectionperistalticpump
operatingat25rpmto pass fluids to the gas/

liquid separator. This pump periodically removes

non-condensable gases from the VCDS (includ-

ing water vapor that does not condense in the

VCDS).

Gas/liquid separator A membrane-type

separator that is fed by the purge pump. Newly

condensed water is separated from the remaining

noncondensable gases. Reclaimed water is

delivered to the VCDS reclaimed water output

line (approximately 2 percent of the total

reclaimed water is retrieved by this process).

Noncondensable gases are vented to the cabin.

Quantity sensor--An automatic sensor to

measure the quantity of urine in the pretreat

tank assembly.

Speed/rate sensors To monitor the speeds
of the peristaltic pump, the VCDS drum, the

VCDS compressor, and the purge pump.

Temperature sensors--To monitor the VCDS

temperature inside the drum and the liquid

coolant temperature around the purge pump
and still motor.

Pressure sensors--To monitor the pressures of

the peristaltic pump wastewater return, purge
pump input, gas/liquid separator line, and the

peristaltic pump reclaimed water output. A delta

pressure sensor monitors the AP across the

outputs of the gas/liquid separator.

Conductivity sensor--To monitor the conductiv-

ity of the reclaimed water output from the
VCDS.

3.6.5.2.2 UP Operation

Urine is processed at ambient temperature using

reduced-pressure VCD, shown in figure 136. The recov-

ered water is then combined with wastewater for process-

ing in the WP (see fig. 134). The process consists of the

following steps and components:

Pretreated urine is received from the waste

management urinal and is temporarily stored

in the pretreat tank assembly.

• When processing is required, urine is retrieved

from this tank and mixed with recycled urine

from the recycle loop.

• Urine is fed into the VCDS where water is

evaporated, then compressed, and condensed to

reclaim pure water. The VCDS is an integrated
evaporator/vapor compressor/condenser that

operates at approximately 6.9 kPa (1 psia) and

43.3 °C (110 OF).

• Reclaimed water is pumped out and the conduc-

tivity measured. If the conductivity is acceptable,
the water is delivered to the wastewater network.

If not_ it is returned to the urine recycle loop to

be reprocessed,

• Nonevaporated urine and solids are delivered

to the recycle filter tank where brine solids are
removed.

• Recycled urine is mixed with fresh urine from

the pretreat tank assembly and the process

repeats.

• Noncondensed gases within the VCDS are

periodically removed by a purge pump assembly.

Reclaimed water from these gases is combined

with the VCDS reclaimed water output.

• When the solids content of the recycle filter tank

reaches 25 percent by mass, the tank is replaced
with a clean tank. The used tank is returned to

Earth for cleaning and reuse.

3.6.5.2.3 UP Performance

The UP processes urine for up to six people, at an

average rate of 1.56 kg (3.43 lb)/persordday.

3.6.7 Supply Water for Payloads

Potable quality water is provided to user payloads

through the potable water network and wastewater may

be returned to the WP through the wastewater network.

3.7 Vacuum Services (VS)

The VS equipment is located in the Lab, as shown

in figure 137 and 138, and provides the means for

experiment pay-loads to have access to space vacuum.

The VS includes motorized valves with position indica-

tors, Pirani gauge transducers, cold cathode transducers,

and non-propulsive vents.
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NotethatVSaredistinctfromvacuum provisions for

ECLSS equipment. Some ECLS devices produce gases or

have residual gaseous products that must be discarded. In

these cases, a separate vent line is provided. For example,

the CO 2 removal assembly vents CO 2 through a dedicated
vent line that is separate from the payload waste gas vent

system. The ECLS venting requirements are discussed in

the sections describing the applicable assembly.

3.7.1 Supply Vacuum Services

to User Payloads

Some experiment payloads have gaseous byproducts

or require a vacuum for operation. For these reasons a

means of discarding waste gases to space and providing

access to space vacuum is needed. The vacuum exhaust

is available to all 13 ISS payload rack (ISPR) locations
in the Lab. The vacuum resource is available to 9 of the

ISPR locations in the Lab.

3.7.1.1 Provide Vacuum Exhaust

The purpose of the vacuum exhaust is to provide

waste gas vent capability to user payloads. The allowable

pressures that payloads may vent are in the range of
10 -3 torr to 280 kPa (40 psia). If the pressure exceeds

280 kPa (40 psia) the users must notify the space station
controller of the out-of-tolerance condition and take

action to reduce the pressure prior to venting. Payload
access to the vacuum exhaust is on a scheduled basis and

only one payload at a time has access, so that gases

venting from one payload cannot adversely affect another

payload. The vacuum exhaust vent is controlled automati-

cally by software and motorized valves. Waste gases are

vented through a non-propulsive vent. Sensors can

measure the pressure in the vacuum exhaust from 10-6

torr to 2,070 tort (275 kPa or 40 psia). After a payload has
vented to 10 -3 torr, it can switch to the vacuum resource

line to maintain vacuum, if needed.

3.7.1.2 Provide Vacuum Resource

The purpose of the vacuum resource is to provide

access to space vacuum to user payloads requiring a

vacuum environment to conduct experiments. Some

payloads may require vacuum during normal operation,

such as for an insulating jacket. The vacuum resource
must be able to maintain a vacuum of 10 -3 torr or less to

the payloads. It must also be capable of being used by six

or more payloads at a time, providing the combined

throughput remains below 1.2xl0 -3 torr-L/sec for
nitrogen at 1x 10-3 torr and 22 °C (70 "F). Vacuum

Resource is controlled by manual valves. Sensors can
measure the pressure in the lines from 10-6 tort to

786 torr (15.2 psia).

3.8 Extravehicular Activity (EVA)

Support

The ECLSS supports EVA's by providing services

to the joint AL. The AL provides the capability for EVA's,

i.e., depressurization, egress, ingress, and repress-

urization. The AL is a pressurized module mounted on

EvaporatorTemperature-I I- RotatingDemisterrRotating Centrifuge
Sensor _ _ /

l' A _ / , . m /-Housing

]l/
MagneticDrive

ProductOut-_ I I I_,L/' IF /-'

PressureTap-_  LLILIII, "tl .......... I_[ I h
High LevelSenso_-::i; I.... 1..... LI-

andEvaporator _ Uftff ...... tt-:
TemperatureSens°rJ_4.,___ _-:--::-:--::t: I _ /

RecycleOut : /'T I ;IIIJYt..II ..........1-1II /Distillation Unit

PurgeOut -/ "_l'_ _._'-1 _ I _i_ cMmOii_ssor

 2 s:gor
Flctn_ 136.--U.S. VCDS urine processor distillation unit.
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Load Control Assembly

Cold CathodeTransducer

Pirani GaugeTransducer

Pressure Sensor

Non-Propulsive Vent

Vacuum Resource

Vacuum Exhaust

Node 1 and, as shown in figure 139, consists of two

cylindrical chambers attached end-to-end by a connecting

bulkhead. (See also chapter I, figs. 9 and 10.) The larger

chamber is the equipment lock and the smaller chamber

is the crew lock. The equipment lock is used for equip-

ment storage and transfer and preparation for EVA
missions. The crew lock is used for egress and ingress of

suited crew members and for equipment transfer to and

from space.

In operation, the pressure in both AL chambers is

reduced to 68.9 to 71.7 kPa (10.0 to 10.4 psia) during the

campout period prior to an EVA. This allows the N 2 level
in the blood to safely be reduced prior to use of the

pressure suits, which operate at 29.63 kPa (4.3 psia).

Normal procedures include campout for up to 24 hr.

To exit the ISS, the Mr in the crew lock is pumped to

Node 1 (only the crewlock can be completely depressur-
ized). The equipment lock is repressurized to 101.3 kPa

(14.7 psia) by opening the MPEV between the equipment
lock and Node 1 (there is no hatch on the AL side).

The ECLS functions in the AL are shown in figures

31, 50, 79, 11 l, and 127. The ECLSS supports prepara-

tion for, performance of, and recovery from EVA's. The
ECLS functions consist ofACS, THC, some AR, FDS,

stored potable water supply, and other EVA support.

Potable water is brought to the AL, as needed, to recharge
the EMU's.

During campout, PBA's are used to provide 02

and LiOH is used to remove CO 2. AL components

relating to the ECLSS include:

• Smoke detector

• Cabin air assembly

• IMV valve assembly

° Oxygen/nitrogen isolation valve
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• PFE

• Stand-alone crew-lock pressure sensor

• Pressure control assembly

• Stand-alone temperature sensor.

The ECLSS-related functions performed in the AL
include:

(1)

(2)

(3)

Monitor total pressure in the range of 0.0 to
110.3 kPa (16.0 psia) with an accuracy of

:t:0.07 kPa (0.01 psia).

Introduce gaseous N 2 from the AL external
storage tanks at a rate of 0.045 to 0.091 kg/min

(0.1 to 0.2 lb/min) when the total pressure is

< 68.9 kPa (l 0.0 psia). N 2 introduction is
prevented when the total pressure is >71.7 kPa

(10.4 psia). During campout, the ppN 2 is
limited to <54.12 kPa (7.85 psia).

Monitor ppO2, via the MCA in the Hab or Lab,
in the range of 0.0 to 40.0 kPa (5.8 psia) with

an accuracy of ±2 percent of the full-scale
value.

EquipmentLock

(4)

(5)

(6)

(7)

(8)

(9)

(10)

Inti'oduce low pressure gaseous 02 from the
AL external storage tanks. During campout,

the ppO 2 is limited to the range from 17.58 to

20.0 kPa (2.55 to 2.90 psia). The AL ppO 2

concentration is to not exceed 30 percent of
the total pressure.

Relieve overpressure to limit the pressure

differential to less than 104.8 kPa (15.2 psid).

Equalize pressure with Node 1 prior to

opening the hatch.

Monitor air temperature over the range of 15.6

to 32.2 °C (60 to 90 °F) with an accuracy of

±0.5 °C (1 °F).

Remove atmospheric heat to maintain a tem-

perature between 18.3 to 26.7 °C (65 and

80 °F) with an accuracy of ±1 °C (2 °F).

Remove excess moisture from the air during

campout to maintain the RH within the range

of 25 to 70 percent. The dewpoint temperature

is to be between 4.4 to 15.6 °C (40 and 60 °F).

Dispose of removed moisture by delivering

humidity condensate to the wastewater bus

at a maximum rate of 1.45 kg/hr (3.2 lb/hr)

at a maximum pressure of 55.2 kPa (8 psig).

Node1

P

tr_

AFwdl
Avionics

AFIrl

Storage

200

AA1 psla
CabinAir 200

Assembly _sia

AC1

Storage

3 Ibm/hr

!

!

!

02 02

t_iUmbilical Interface
Assembly I

Crew Lock

N2 N2

FIGURE 139.mJoint AL AC Subsystem.
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(1I) IMVwithNode1duringopen-hatchopera-
tions,

(12) Circulate atmosphere intramoduie to maintain

an effective air velocity average of 4.6 to

12.2 m/rain (15 to 40 fpm) in the cabin aisle-

way.

(13) Detect a fire event in internal locations that

contain a potential fire source.

(14) Isolate fire control zone within 30 sec of

detection by removal of power and ventilation
at the affected location. The IMV flow is

deactivated within 30 sec of annunciation

of a Class I fire alarm.

(15) Suppress fires by reducing the oxygen
concentration at the fire event location to less

than 10.5 percent within 1 min of suppressant

discharge.

(16) Recover from a fire by restoring the atmos-

phere to a total pressure of 95.8 to 102.7 kPa

(13.9 to 14.9 psia) and an oxygen partial

pressure of 19.51 to 23.10 kPa (2.83 to

3.35 psia) within 75 hr. The AL has PBA's

to allow the crew to respond to emergency
situations.

(17) Detect rapid decompression in closed-hatch

campout operation if an atmosphere pressure

change > 0.34 kPa/sec (0.05 psi/sec) occurs

and initiate a Class I alarm. In open-hatch

operation the AL can detect a rapid decom-

pression in the AL before the ISS total pressure

decreases by 3.4 kPa (0.5 psi), based on a hole
size of 1.27 to 5,08 cm (0.5 to 2.0 in) diameter,
and initiate a Class I alarm.

(18) Repair a decompressed module by supporting

external operations to repair the AL after a

decompression of the AL.

(19) Recover from decompression by providing for

repressurization of its atmosphere from space

vacuum to a total pressure of 95.8 to 102.7 kPa

(13.9 to 14.9 psia) and an ppO 2 of 19.51 to
23.i0 kPa (2.83 to 3.35 psia) within 75 hr.

(20) Remove hazardous atmosphere by venting

to space to achieve an air pressure < 2.8 kPa

(0.4 psia) within 24 hr.

(21) Recover from hazardous atmosphere by re-

pressurization of the AL and reconfiguration

as necessary to recover from a hazardous

atmosphere event.

(22) Remove CO 2 to limit the ppCO 2 to which

any one crew member is exposed to a daily

average of 0.71 kPa (5.3 mmHg) or less based
on the metabolic loads. The maximum limit

is 1.01 kPa (7.6 mmHg) peak.

(23) Dispose of CO 2 by removal and disposal of
LiOH filters.

(24) Remove airborne particulate contaminants to

limit the average particulate level in the AL to
0.05 mg/m 3 (100,000 particles/ft 3) for particles

greater than 0.5 microns based on a particle
generation rate of 1.4 x 106 particles/min.

(25) Dispose of airborne particulate contaminants

by removal and disposal of filters every

90 days.

(26) Remove airborne microbes by filtering

particles to less than 0.05 mg/m 3

(100,000 particles/ft 3) for particles

> 0.5 microns based on a particle generation
rate of 1.4 x 106 particles/min. The microbes
in the AL and Node 1 are to be limited to

1,000 CFU/m 3 (28 CFU/fl3).

(27) Dispose of airborne microbes by removal

and disposal of filters every 90 days.

(28) Supply water for potable use from the Hab

by portable tank.

(29) Deliver process wastewater to Node 1 via the
wastewater bus. This includes EMU return

water and humidity condensate.

(30) Support campout prebreathe to accommodate

two crew members and the necessary equip-

ment for denitrogenation prior to EVA. An

interface with Node 1 supplies oxygen for the

prebreathe equipment.

(31) Accept wastewater from two EMU's.

(32) Provide water for two EMU's and umbilical

cooling.

03) Provide 02 at 6.2 MPa (900 psi) for umbilical
operation of two EMU's including in-suit

prebreathe and supply/recharge for two

EMU's. Provide recharge of an independent

02 breathing system (walk-around bottle)
which supports a single astronaut for 15 min

on each charge.



(34) Providerepressurizationforingressata
nominalrateof 0.34 kPa/sec (0.05 psi/sec).

Following an EVA, when only the crew lock

is at vacuum, the crew lock can be repressur-

ized to 34.5 kPa (5.0 psia) total pressure within
20 sec. When both AL chambers are at vacuum

the AL can be repressurized to 34.5 kPa

(5.0 psia) total pressure within 60 sec. The

maximum emergency repressurization rate for

the AL can not exceed 6.9 kPaYsec (1 psi/sec).

During an emergency repressurization follow-

ing an EVA when only the crew lock is at

vacuum, both AL chambers can equalize with

Node l within 80 sec. During an emergency

repressurization when both AL chambers are

at vacuum, the AL can equalize with Node 1
within 150 sec.

3.8.1 Support Denitrogenation

The space suits that are worn during EVA's operate at

29.6 kPa (4.3 psia) so that less effort is required during

use compared with 101.3 kPa (14.7 psia) suits. This
allows EVA's to have longer durations, but can also lead

to a medical condition commonly called "the bends" in

which nitrogen gas dissolved in the bloodstream at 101.3

kPa (14.7 psia) forms bubbles as the pressure is de-

creased. To avoid this condition, prior to performing an

EVA the N 2 gas that is dissolved in the bloodstream must
be reduced to a safe level. This is achieved by breathing

pure oxygen, or air with a reduced N 2 content, for a
period of time before reducing the total pressure. This

"prebreathe" period can be performed either in a space
suit or in the AL.

3.8.1.1 Support In-Suit Prebreathe

The ECLSS provides 0 2. Details are not presently
available.

3.8.1.2 Support Campout Prebreathe

The ECLSS provides 02. Details are not presently
available.

3.8.2 Support Service and Checkout

Prior to performing an EVA, the space suit must be

provided with supplies sufficient for the duration of the

EVA. These supplies include water, 0 2, and N 2.

3.8.2.1 Provide Water

Prior to delivery of the Hab, fuel-cell water is used to

recharge EMU's. Water is stored in special AL water

containers. After activation of the Hab, water is provided
from the WP.

3.8.2.2 Provide Oxygen

The ECLSS provides 1.8 kg (4 lb) 02 for each EVA.

Details are not presently available.

3.8.2.3 Provide In-Suit Purge

Detailed information is not presently available.

3.8.3 Support Station Egress

See ACS, section 3.1.

3.8.3.1 Evacuate Airlock

Detailed information is not presently available.

3.8.4 Support Station Ingress

Detailed information is not presently available.

3.8.4.1 Accept Wastewater

Detailed information is not presently available.

3.9 Other ECLS Functions

Other functions of the ECLSS include distributing

gases and water to user payloads. Details as to how this

is to be done are not presently available.

3.9.1 Distribute Gases to User Payloads

See ACS, section 3.1.
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4.0 Safety Features

Safety features include methods of identifying
hazardous conditions and methods of responding to
hazardous conditions. These features can be classified

by the following categories:

• Design to preclude or mitigate the possibility
for hazards to occur.

• Design to identify and locate hazards.

• Respond to less severe hazards.

• Respond to severe hazards.

One driving design requirement for the USOS

ECLSS is to have at least two barriers to space, based

on hazard analyses. For example, in vent lines there are

redundant valves in series. Other safety features include

monitoring instrumentation, PBA's, PFE's, failure tol-

erance, and redundant or backup equipment for perform-

ing critical functions.
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5.0 Maintenance Procedures

Maintenance consists of those functions necessary

to maintain or restore system/equipment operability or

redundancy, such as equipment and/or ORU removal and

replacement, servicing, test, inspection, calibration, and

repair. The maintenance objective is to minimize system

downtime and maximize availability for operations. The

on-orbit maintenance objective is to provide an acceptable
level of system functionality and redundancy to support

ISS survival, crew survival and safety, mission objectives,

and payload operations support.

There are two general types of maintenance: preven-
tative and corrective. Preventative maintenance is the

planned or scheduled replacement of an ORU. Corrective
maintenance is the unplanned or unscheduled replacement

of an ORU due to some type of failure. (Corrective main-

tenance is discussed further in section 6.0.) ORU's are

designed to minimize the amount of time required to

perform the maintenance operation.

Detailed maintenance procedures are described in other

documents. Examples of maintenance procedures are
summarized below.

4BMS--There is no scheduled maintenance of the

4BMS. In the event of failure of a component the ORU

containing that component can be replaced. (See section

6.1.1.)

THC--Scheduled maintenance of the THC includes

replacing HEPA particulate/bacteria filters once per year,

inspecting them every 90 days, and cleaning by vacuum-
ing if required. The THC does not have to be switched off

during replacement of the HEPA filters. (See section

3.2.3.2).

FDS_There is no scheduled maintenance of the

FDS. In the event of failure, smoke detectors can be

replaced.

MCA--Scheduled maintenance of the MCA involves
four ORU's:

• MS assembly--replaced every 2 yr.

• Pump assembly--replaced every 2 yr.

• Inlet valve assembly--replaced every 10 yr.

• Verification gas assembly--replaced every 3 yr.

The maintenance procedure involves the following

steps:

• In the manual state:

- Send Override Effector commands to enable

such other power supplies as may be needed.

- Command various active and passive BIT's.
- Exercise individual effectors.

• Override effector command can be used to

cancel all overrides, returning to Idle or Failed
state.

• Alternatively, initiate the Stop command or
Shutdown command.

When manual investigation of the hardware status is
needed:

• Power Up, configure as in Normal operational
scenario.

When in Idle or Failed state:

- Send Override Effector command to enable

±15 power supply.
- After confirmation of the command, Manual

state is entered, and the command is

performed.

IMV--Scheduled maintenance of the IMV is not

presently planned.

TCCS--Scheduled maintenance of the TCCS

involves three ORU's:

• Charcoal bed assembly--Replaced every 90 days

or longer, depending on the contaminant load.

• Post-sorbent LiOH bed assembly--Replaced

every 90 days or longer, depending on the
contaminant load.

• Catalytic oxidizer assembly--Replaced in the

event of a failure and once for each entire year of
service.

Maintenance is performed by sliding the TCCS out of
the rack, as shown in figure 140, for access to the ORU's.

The ORU's are held in place by captive fasteners, tension

latches, tubing, and other connectors. (More detailed

information is in LMSC/F369707.)

WM--Scheduled maintenance of the WM involves:

• Waste storage container--Replaced every 7 days.

• Fecal odor/bacteria filtermReplaced every

30 days.
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Flcu_ 140._USOS TCCS in extended position for maintenance.

• Plenum odor/bacteria filter Replaced every

30 days.

• Urine collection odor/bacteria filter Replaced

every 30 days.

• Oxone®/sulfuric acid pretreatment string with

filter--Replaced twice daily (for a crew of four).

WRM--Scheduled maintenance of the WRM

involves:

Unibed--Replaced 15 days, or when the

conductivity sensor indicates that the bed
is saturated.

Ion exchange bed--Replaced 15 days, or when

the conductivity sensor indicates that the filter

requires replacement.

• Particulate filter--Replaced 15 days, or when
the AP sensor indicates that the bed is saturated.

• Urine processor recycle tank/filter assembly--

Replaced every 30 days.

• Microbial check valve (in the WP)--Replaced

30 days.

• Microbial filter (in the UP) Replaced every

90 days.

• SPA module (in the PCWQM)--Replaced when
internal verification indicates that the module

requires replacement or 90 days.
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6.0 Emergency Procedures and

Failure Responses

Emergency conditions such as rapid decompression,
hazardous atmosphere, and fire are discussed above, in

sections 3.1, 3.3, and 3.4, respectively. Emergency sit-

uations can be caused by equipment failure, operating
error, or external events such as meteoroid impact. Res-

ponses to these failures are addressed in this section.

During the process of designing equipment, an

exhaustive Failure Modes and Effects Analysis (FMEA) is

performed which is used to evaluate the effects of the
failure of each hardware item and software command. As

shown in figure 141, the effects of failures are classified

according to how critical the effects are and a Critical

Items List (CIL) is prepared which lists the Criticality 1

and 2 single-failure points. These terms are defined as:

Criticality 1--Loss of function will result in loss
of life or vehicle.

Criticality 2--Loss of function will result in loss
of mission.

Criticality 3--All other failures.

Where redundancy of the function is present, the follow-

ing additional ratings are used:

Criticality 1R--Loss of function redundancy will
result in loss of life or vehicle.

Criticality 2R--Loss of function redundancy will
result in loss of mission.

The CIL is used during preparation of on-orbit mainte-

nance procedures and mission rules. Based on the results

of the FMEA, the equipment may be redesigned to avoid
the worst effects.

6.1 Responses to Equipment Failures

Loss of ECLSS functions may require immediate

attention or may have slower effects that are not immedi-

ately critical. Loss of AR, especially CO 2 removal, is life
threatening and requires quick action to restore the func-

tion. For those situations, there are redundant backup

systems that can be activated quickly (within a few

minutes) to perform the function while the failed unit is

being repaired. For loss of equipment that is not immedi-

ately life threatening, such as the water processor, there is

time to repair the failed unit and a redundant backup unit

is not necessary. With the presence of the RS, however,

the Russian ECLSS serves as a backup for all of the

ECLSS functions, and the U.S. ECLSS serves as a backup
for the Russian ECLSS.

6.1.1 4BMS Failure Modes and Responses

As an example, 17 failure modes have been identified
for the 4BMS:

• Selector valve 1 failure

• Selector valve 2 failure

• Selector valve 3 failure

• Selector valve 4 failure

• Selector valve 5 failure

• Selector valve 6 failure

• Blower failure

• Pre-cooler failure

• Sorbent bed failure

• Heater failure

• Check valve failure

• Desiccant bed failure

• Air save pump failure

• Rack CO 2 valve failure

• Temperature sensor failure (three)

• AP sensor failure

• Absolute pressure sensor failure.

Valve Failure

The failure of a valve to operate properly would be

detected by the optical position indicators. A selector
valve can lose function due to failure of the motor or of

the position indicators. The valve can fail in a specific

position (A or B) or in transition.

The 4BMS software will consider the valve failed if

the position indicators do not reflect the proper combina-

tion of open and closed valves within 10 sec of valve

actuation. Upon detection of a failed valve, the 4BMS
will transition to the Failed state and the software will

report that a valve has failed.
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The4BMSsoftwareBITwill detectvalvefailure
basedonnoresponsewithin10secduringvalveactua-
tionsandbasedonunexpectedpositionfortheoperating
cycle.TheECLScontroller(anMDM)willbeableto
isolatethefailuretothevalvelevelbasedonthe4BMS
activeBITandpositionindicatorchangesduringstatic
operations,butwill relyonthecurrentoperatingstateand
valvepositionindicationstoconfirmwhetherthemotoror
positionindicatorfailed.Additionally,theECLScontrol-
lerwillverifythevalvefailurebysendingoverride(O/R)
commandsinanattempttoactuatethevalve.

Whiletherearenocrediblesinglevalvefailuresthat
canresultinanimmediatehazard,theppCO2levelscan
reachSMAClevelswithinafewhoursunlessaredundant
4BMSisactivated.A potentialhazardcanresultfromO/R
operationofthe4BMSif valve5allowsaccesstospace
vacuumtotheadsorbingbedduringCO2venting.For
automaticsating,upondetectionofafailedvalvethe
4BMSwillautomaticallytransitiontotheFailedstate.
After1hrin theFailedstate,the4BMSwillautomatically
transitiontotheOffstate.Formanualsating,if theECLS
controllerdeterminesthatthepositionindicatorhasfailed
duringstaticoperations,theECLScancommandthe
4BMStotheTeststateandthe4BMSsoftwarewillper-
formtheactiveBITthatshouldverifythevalvefailure.If
the4BMSsoftwarehasfailedtoconfigurethevalvestoa
safeconfiguration,theECLScanperformO/Rcommands
tomakesurethattheCO2ventis isolatedfromthecabin.

Upon4BMSfailure,theredundantunitwillauto-
maticallybeactivatedif it isnotalreadyoperating.
Manualrecoveryproceduresdependonthenature
andlocationofthefailure:

• Valvefailurein transition--Thevalvemustbe
replacedtorestore4BMSfunction.Thereare
noworkaroundstorestorepartialfunctionality
asproperpositioningofallvalvesiscriticalto
4BMSoperations.Valves1,2,4,5,and6canbe
replacedindividually;valve3isintegratedinto
theBlower/PrecoolerORUandmustbereplac-
edaspartofthisORU.

• Valvefailureinoneposition--Failureofany
valveinaspecificpositionwillresultin locking
the4BMSconfigurationintoahalfcycle.Partial
functionalitycanberegainedbyO/Rcommand-
ingofthevalvesandbyexchangingsomecrit-
icalvalveswithinthe4BMS.Theseworkarounds
willallowthe4BMStooperateinonehalf-cycle
duringwhichthesamebedswillsequentiallybe
usedtoadsorbCO2andthenbeconfiguredfor
desorption:

- Forfailuresinvalves1,2,or3,valve4can
beusedtoisolatethesorbentbedandvalves
5and6canbereconfiguredtoexposethe
bedtovacuum.Thecheckvalveintheother
ORUprovidesisolation.

- Forfailureinvalve5,valves4and6canbe
usedtoisolatethesorbentbedduringde-
sorption.

- Forfailureinvalve4or6,thecrewmust
replacethevalvewitheithervalve1or2,
dependingontheconfigurationinwhichthe
valvefailed.

• Valve6canbeexchangedwithafailedvalve1,
2,4,or5,butthefailedvalveconfigurationmust
becompatiblewithsupportingtheCO2vent
cycle.Thecrewcanexchangeaproperlyfunc-
tioningvalve6withafailedvalve.Thefailed
valvewill thenreplacevalve6intheventline
andallowCO2venting.Thefailedvalvewillnot
supportpumpdownofthesorbentbedtobede-
sorbed.Theimpactofthisworkaroundis in-
creasedlossofcabinatmosphere,butthe4BMS
cansupportbothoperationalcycles.Thisoption
maybepursuedtorestoresomeredundancy.

• If thevalvefailureoccurscloseto4BMSend-of-
life,it maybebettertoreplacetheentire4BMS.

Additionally,theECLScontrollerwillverify
thevalvefailurebysendingO/Rcommandsin
anattempttoactuatethevalve.

ORUReplacement

Replacement of the CO 2 sorbent bed/desiccant bed
ORU will require no more than 2 hr. The procedure in-

volves the following steps after automated methods have

been performed:

Manual troubleshooting---Visual inspection of

components and interface connection verifica-
tion.

Removal and replacement (R&R) of failed

valves if spares are available. The ARS rack is

designed for 4BMS access by removing panels

and sliding components out for access,

If spare ORU's are not available and both

4BMS's are not functioning, ORU's from one

4BMS may be installed in the other 4BMS. (This
is assuming that different ORU's failed in each

4BMS.)
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The4BMSORU's are accessible by removing access

panels and sliding the 4BMS out of the front of the ARS

rack or by accessing components from the side or rear of

the ARS rack. Interface connections that may need to be
disconnected include:

ITCS inlet/outlet

Dehumidified atmosphere inlet

CO 2 overboard vent

Cabin atmosphere return

Data

Power.

In the event of valve leakage, the method for detect-

ing leakage is indirect, relying on the MCA's ppCO 2

monitoring capability. If the ppCO 2 level increases while
the hardware is operating properly, then leakage is

indicated. The source of the leakage would have to be
identified to the ORU level.

6.2 Responses to Operating Error

Ideally hardware and software is designed to prevent
the possibility for operating errors to occur. In reality,

erroneous commands can be given, components can fail,

and undesirable or hazardous consequences may result.

In general, the first response may be to switch off power

to the affected equipment. Responses to specific operating
errors have not been determined at the time of this

writing.

6.3 Responses to External Events

External events include penetration of a module

shell by a meteoroid resulting in pressure loss (described
in section 3.1.5), loss of supply gases stored externally,

clogging of a vent line, or other externally caused event.

In the event of externally-caused failures, the re-

sponse would depend on the severity of the failure. For

example, a small leak with mass loss low enough that the

PCA can maintain pressure would allow time for the crew

to locate and repair the leak. A larger leak that results in

loss of pressure in a module would require a different

response. Responses to specific external events have not

been determined at the time of this writing.

6.4 Venting a Module

In the event that it is necessary to depressurize a

vestibule or an adjacent module, a vacuum access jumper

can be connected from a 2.54 cm (1 in) diameter vacuum

access port on the VRV. Vacuum access is a manual op-

eration. To use the vacuum access port, both vent valves

must be closed. The cap on the vacuum access port can

then be removed and a flexible jumper attached. The other

end of the jumper can be connected wherever access to

space vacuum is needed, such as to the MPEV so that a

vestibule or adjacent module can be depressurized. With

the jumper in place, the VRIV is commanded open. The

PCA will require confirmation of the command. When the

vacuum access operation is completed, the VRIV is com-

manded closed and the jumper is removed.

In an emergency such as contamination of the atmos-

phere or to extinguish a difficult fire, the PCA can per-

form an emergency vent, by opening the VRIV and

VRCV completely. The valves are then kept at full open
until the cabin pressure falls below 2.0 kPa (0.29 psia),

at which pressure the valves will be closed. The emer-

gency vent procedure is never initiated automatically by

the PCA, hut must be commanded. Two independent

confirmations are required before an emergency vent is

performed. The first confirmation command must be

received within 30 sec of the Emergency Vent command,
and the second confirmation must be received within

30 sec of the first confirmation. At any time during an

emergency vent, the PCA can be commanded to stop

venting. The atmosphere can be vented to less than

2.0 kPa (0.29 psia) by commanding the PCA to fully

open both valves. When the PCA receives these com-

mands, the valves remain open until commanded to close,
The PCA must have hazardous command confirmation

for each command to open a vent valve.

196



CHAPTER IH: THE EUROPEAN, JAPANESE, AND ITALIAN
SEGMENTS ENVIRONMENTAL CONTROL

AND LIFE SUPPORT SYSTEMS

1.0 Introduction

The European, Japanese, and Italian segments of the
ISS consist of the Columbus Attached Pressurized Module

(APM) (provided by ESA), the Japanese Experiment

Module (JEM) with an ELM (provided by NASDA),

and the Mini-Pressurized Logistics Module (MPLM)

(provided by ASI). All the modules are sized to be trans-

ported in the space shuttle cargo bay. Descriptions of the

elements and their integration into the ISS are given in

"Chapter I: Overview." These modules are attached to

Node 2 of the USOS, as shown in chapter I, figure 1.

1.1 The APM, JEM, and MPLM
ECLS Functions

The APM, JEM, and MPLM ECLS functions are

summarized in table 33. These segments are laboratory

and storage facilities, so the full range of ECLSS func-

tions are not provided. The basic requirements for the ISS

ECLSS are discussed in chapter I. The requirements that

apply to the APM, JEM, and MPLM relate to THC, ACS,

and FDS. In general, the requirements for these functions

are the same as for the USOS, but some specific require-

ments may be different. In addition, the APM and JEM

have payload support requirements.

1.2 Commonality of Hardware

Some ECLS hardware is used in more than one

segment of ISS. This is especially true for the APM
and the MPLM. The ECLS common hardware is listed

in table 34.

TABLE33.--The ECLS functions performed in the APM, JEM, and MPLM.

AtmosphereControland Supply(ACS)functionsaremostlyprovidedbytheUSOSandRS.TheAPM,JEM,andMPLMprovide
cabinpressuresensors,depressuriza%nassemblies,positivepressurereliefassemblies(forwhenthemoduleis isolated),andpressure
equalizationvalvesin thehatches.TheAPM,JEM,andMPLMalso providenegativepressurereliefduringtransportation.TheAPMand
JEMsupplyN2to payloads.TheAPM,JEM,andMPLMareexemptfromtherequirementto respondto rapiddecompression,andrelyon
theUSOS.

Temperatureand HumidityControl(THC)consistsof conditioningtheatmospherebyCommonCabinAtmosphereAssemblies
(CCAA)locatedin theAPMandJEM.TheMPLMrelieson theUSOS.

AtmosphereRevitalization (AR)is providedmostlybytheUSOSorRS.IntheAPMandJEM,particulatesandairbornemicroorgan-
ismsareremovedfromtheatmosphereby HEPAfilters ineachsegment.(TheMPLMrelieson theUSOS.)Atmosphericsamplesare
collectedby theSampleDeliverySystem(SDS)anddeliveredviatubingto theLabfor analysisin theMCA.

Fira OatecUonand Suppression(FDS)consistsof smokedetectorsatstrategiclocations,PBA's,andmanually-operatedPFE'sforfire
suppression.

Waste Management (WM)is providedbytheUSOSorRS,andwasteis returnedto Earthin theMPLMor burnedin theEarth's
atmosphereina Progress.

Water Recoveryand ManagementONRM)is providedbytheUSOSorRS.Humiditycondensateis collectedfromtheCHX'sin the
APMandJEManddeliveredto theUSOS.

VacuumServices (VS)consistofwastegasexhaustandvacuumresourcecapabilitiesintheAPMandJEM.
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TABLE34.--APM, MPLM, and JEM common ECLSS hardware.

ECLSSItem APM MPLM JEM Notes/Supplier

AtmospereControl and Supply(ACS)
DepressurizationAssembly

PositivePressureReliefAssembly
NegativePressureReliefAssembly
PtotSensor

NitrogenShutoffValve

pp02Sensor
ppC02Sensor

Temperatureand Humidity Control(THC)
IMVFan

IMVShutoffValve

CHXAssembly
CondensateWaterSeparatorAssembly
CabinTemperatureControlUnit
CabinAir TemperatureSensor

AvionicsAir Assembly(AAA)
Air SupplyDiffuser
CondensateShutoffValve

CabinFanAssembly(CFA)

AtmosphereRevitalization (All)
SampleLineShutoffValve
SampleLineFilters

Fire Detection and Suppression(FDS)

U.S.

E
E

N/A

N/A
N/A

N/A

N/A
N/A
N/A
E

N/A
E

N/A
U.S.

U.S.

N/A
N/A

U.S.

U.S.

J

U,S.

E= Carleton(Spacelab)
U.S.= Allied-Signal

E= Carleton(Spacelab)
E= Carleton(Spacelab)
E= Frenchsupplier
J = Japanesesupplier
E= Moog
E= Draeger
E= Draeger

= French supplier
US. = HamiltonStandard
E= Carleton
U.S.= USOShardware

E= Frenchsupplier
E= Frenchsupplier
E= KayserThrede

J = Japanesesupplier
U,S.= USOShardware
E= Dornier

E= Moog
US. = USOShardware

(Node1)

E= Moog

FDSPanelIndicator
PFE
SmokeSensor

VacuumServices (VS)
VentingDevice
RepressurizationValve
High-RangePSensor
Low-RangePSensor

U.S.

US.
U.S

N/A

U.S,
U,S.

N/A
N/A
N/A
N/A

U.S.

US
US

US : USOShardware
US. = USOShardware
U.S.= USOShardware

E= Carleton
E= Carleton

E= Commonto Ptotsensor
E= Dornier

N/A--Not Applicable

198



2.0 Descriptions of the APM,

JEM, and MPLM Segment
ECLSS

The capabilities of the ECLS systems on the APM,

JEM, and MPLM segments are listed in chapter I, table 5.

The methods, processes, and procedures that perform the

ECLS functions are, in general, the same as, or similar to,

the methods, processes, and procedures used on the USOS

(described in chapter II). ECLS capabilities on the APM,
JEM, and MPLM are either:

• Provided by the USOS or RS (described in

chapter II and volume II).

Performed by equipment that is identical to

equipment used in the USOS. (This equipment

is described in chapter II.)

Performed by equipment of different design

than in the USOS. (This equipment is described

in this chapter.)

The ECLS capabilities are described in section 2.1.

The monitoring and control system and consoles are
discussed in section 2.2. Interconnections between the

ECLS systems in different modules are described in

section 2.3. Expendable components that must be resup-

plied are discussed in section 2.4.

2.1 ECLS System Design

and Operation

The ECLS system consists of several subsystems that
are described for the APM, JEM, and MPLM in sections

2.1.1, 2.1.2, and 2.1.3, respectively.

2.1.1 APM ECLSS Design and Operation

The APM ECLSS, as shown in figure 142, includes

ACS (atmosphere sample line), THC, atmosphere supply
from the USOS, FDS, a condensate water line from the

THC CHX to the USOS, and VS. All other ECLS

functions are provided by the USOS or RS.

Atmosphere Control and Supply (ACS) includes

monitoring the total atmospheric pressure over the range
1 to 1,048 hPa (0.0145 to 15.2 psia). Control of the ppO 2

is performed by the USOS or RS via IMV. When the

APM is connected to the USOS, the USOS provides

overpressure relief. For those times when the APM is

isolated from the USOS (prior to attachment or when the

hatch is closed) excess pressure is released through the

APM Positive Pressure Relief Assembly (PPRA). When

the module is isolated the atmosphere pressure is main-

tained to less than the design maximum internal-to-

external differential pressure. Venting of atmosphere to

space does not occur at <102.7 kPa (14.9 psid) when the

APM is isolated. Pressure equalization is performed via

the MPEV (see chapter II, section 3.1.4 for more informa-

tion). The APM is exempt from the requirement to

respond to rapid decompression and relies on the USOS

instead. ACS also includes responding to hazardous

atmospheric conditions. In the event of severe atmo-

spheric contamination, the means to depressurize the

APM is provided by the Depressurization Assembly

(DA).

Prior to launch there may be circumstances in which

the extemal pressure exceeds the internal pressure. To

minimize structural stresses a Negative Pressure Relief

Assembly (NPRA) allows external pressure to equalize

with the internal pressure.

Temperature and Humidity Control (THC)

includes controlling the atmosphere temperature which is

selectable over the range 18 to 27 °C (65 to 80 °F). Con-

trol of atmospheric moisture is achieved by the CHX por-

tion of the CCAA. Atmospheric circulation within the

APM is provided at 0.08 to 0.20 m/sec (15 to 40 fpm) in

the cabin aisleway. IMV with the USOS is provided at
229 to 280 m3/hr (135 to 165 cfm).

The APM THC has some differences from the USOS

THC. These include:

• Ventilation in the standoffs and endcones.

The presence of ppCO2 and ppO 2 sensors (which

are not required for the USOS since the MCA

measures these gases).

IMV return through ducts rather than through

the hatch. (The capability for IMV return at-
mosphere through the hatch is provided.) (In the

USOS this capability is also present, except for

the Node 1-to-PMA-1 and Node 1-to-Cupola

interfaces. Typically, however, in the USOS the

atmosphere return is through the hatches to save

power.)

Sizing the CHX for three people working heavily
in the APM versus normal work conditions in the

USOS.
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FIGURE 142.--APM ECLSS schematic.
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Atmosphere Revitalization (AR) includes control-

ling the ppCO 2 (provided by the USOS or RS via IMV),

controlling gaseous contaminants (provided by the USOS

or RS via IMV), control of airborne particulate contami-

nants (via HEPA filters), and control of airborne microor-

ganisms (via HEPA filters). Monitoring of the atmosphere

composition is also provided by the USOS, by delivering

samples of the atmosphere to the USOS via a sample line.

Fire Detection and Suppression (FDS) includes fire
detectors and PFE's. Fire detection is assured via smoke

collection and transport in the open volumes of the APM

by the air circulation provided by the cabin ventilation

loop and the IMV loop. The fire detection concept is one-

failure tolerant by the use of two smoke detectors (identi-

cal with USOS smoke detectors) at each of two locations:

• Downstream of the cabin fan, for detecting

smoke from throughout the APM.

Downstream of the IMV return air fan, for

detecting smoke generated by the fan itself
before the Node 2 interface.

Fire suppression is achieved by passive and active

methods. Passive methods include the use of self-exting-
uishing and nonflammable materials. Active methods

include removing power, switching off IMV and atmo-
sphere circulation (switching off fans), and the use of

PFE's via access ports. As a last resort, the APM can be

remotely depressurized to reach a ppO 2 <70 hPa (1 psia)
in <10 min. Active ISPR's can support autonomous fire

detection capability.

After a severe fire event, the APM atmosphere may

need to be vented to eliminate the CO 2 and fire byprod-

ucts (smoke) because IMV to the USOS or RS TCCS

equipment is not sufficient for atmosphere decontamina-
tion.

Waste Management (WM) is provided by the USOS
or RS.

Water Recovery and Management (WRM) is

provided by the USOS or RS. Wastewater is collected
from the THC CHX in the APM and delivered to the

USOS for processing into potable water. Water for

payload use is provided by the payloads, or it can be

provided via portable tanks that are manually filled in
the USOS.

Vacuum Services to user payloads include vacuum

resource for payloads requiring hard vacuum and vacuum

vent to dispose of waste gases.

EVA Support is provided by the USOS or RS.

Other ECLS Functions include distributing gases

(N2) tO user payloads.

2.1.2 JEM ECLSS Design and Operation

The JEM ECLSS, as shown in figure 143, includes

ACS (atmosphere sample delivery line), THC, atmos-

phere supply from the USOS, FDS, a condensate water
line from the THC CI-IX to the USOS, module unique

gases from the Common Gas Support Equipment (CGSE),

and VS. All other ECLS functions are provided by the

USOS or RS. Design considerations that are specific to
the JEM are listed in table 35.
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TABLE35.mJEM ECLSS design considerations.

DesignLoads Units StandardValue Range

General:
Numberof CrewMembers People 2 0 to 4
TimeinJEM hr/day 8 1 to 13

Steady-State:
PMVolume(empty)

ELMVolume(empty)

PMAvionicsHeatLoads
ELMAvionicsHeatLoads
IMVHeatLoads

Temporary:
AL Volume(empty)

ALAvionicsHeatLoads

AL-generatedMoisture

m3
ft3
m3
ft3

W
W
W

m3
ft3
W

kg/operation
Ib/operation

128

4,523
44

1,555
1,B02

205
0

3.0
106
900Wfor 100rain

15kg/hrfor 17min
33 Ib/hr for 17min

N/A
NIA
N/A
N/A
TBDto 3,202
205 to459
-220 to 220

N/A
N/A
TBD
TBD
TBD

The PM ECLS functions include positive pressure

release, pressure equalization, N 2 distribution, avionics air

circulation, IMV, intramodule circulation, temperature

control, atmosphere filtration, smoke detection, PFE,

PBA, con-densate delivery to the USOS, vacuum re-

source, and waste gas exhaust.

The ELM ECLS functions include pressure monitor-

ing, positive pressure release, pressure equalization, IMV,

intramodule circulation, temperature control, atmosphere
filtration, smoke detection, PFE, and PBA.

The experiment AL ECLS functions include depres-

surizing and repressurizing the AL volume.

Atmosphere Control and Supply (ACS) includes

monitoring the total atmospheric pressure over the range 1
to 1,048 hPa (0.0145 to 15.2 psia). Control of the ppO 2 is

performed by the USOS or RS via IMV. When the JEM is

connected to the USOS, the USOS provides overpressure
relief. For those times when the JEM is isolated from the

USOS (prior to attachment or when the hatch is closed)

excess pressure is released through the JEM PPRA. When

the module is isolated the atmosphere pressure is main-

tained to less than the design maximum internal-to-exter-

nal differential pressure. Venting of atmosphere to space

does not occur at <99.9 kPa (14.5 psid) when the JEM is

isolated. Pressure equalization is performed via the

MPEV. (See chapter II, section 3.1.4, for more informa-

tion.) The JEM is exempt from the requirement to respond
to rapid decompression, and relies on the USOS instead.

ACS also includes responding to hazardous atmosphere
conditions. In the event of severe contamination of the

atmosphere, the means to depressurize the JEM is

provided by the DA.

Temperature and Humidity Control (THC)

includes controlling the atmosphere temperature (select-

able over the range 18 to 27 °C (65 to 80 °F)), removing

excess atmosphere moisture (by a CHX), circulating

atmosphere within the JEM (0.08 to 0.20 m/s (15 to

40 fpm) in the cabin aisleways), and IMV with the
USOS (229 to 246 m3/hr (135 to 145 cfm)).

The design cabin heat loads are based on two people
at TBD work load. (See ESAJASUNASA ECLS TIM

minutes, 24-28 July 1995, JSC, Houston, TX.)

Atmosphere Revitalization (AR) includes control-

ling the ppCO 2 (provided by the USOS or RS via IMV),

controlling gaseous contaminants (provided by the USOS

or RS via IMV), control of airborne particulate contami-

nants (via HEPA filters), and control of airborne microor-

ganisms (via HEPA filters).

Atmospheric composition monitoring is also pro-

vided by the USOS, by delivering samples of the atmo-

sphere to the USOS via a sample line.

Fire Detection and Suppression (FDS) includes fire
detectors and PFE's. Fire detection is assured via smoke

collection and transport in the open volumes of the JEM

203



bytheatmospherecirculationprovidedbythecabin
ventilationloop.

Firesuppressionisachievedbypassiveandactive
methods.Passivemethodsinclude the use of self-exting-

uishing and nonflammable materials. Active methods

include removing power and atmosphere circulation

(switching off of fans), and the use of PFE's via access

ports. As a last resort, the JEM can be remotely depressur-

ized to reach a ppO2 <70 hPa (1 psia) in less than 10 min.

The capability to restore the habitable environment after a

fire event is present.

Active ISPR's can support autonomous fire detection

capability.

Waste Management (WM) is provided by the USOS
or RS.

Water Recovery and Management (WRM) is pro-

vided by the USOS or RS. Wastewater is collected from
the THC CHX in the JEM and delivered to the USOS for

processing into potable water, Water for payload use is

provided by the payloads, or it can be provided via port-

able tanks that are manually filled in the USOS.

Vacuum Services to user payloads include vacuum

resource for payloads requiring hard vacuum and vacuum

vent to dispose of waste gases.

EVA Support is provided by the USOS or RS.

Other ECLS functions include distributing gases

(Ar, N2, He, CO2) to user payloads.

2.1.3 MPLM ECLSS Design

and Operation

The MPLM ECLSS, shown in figure 144, relies on
the USOS or RS more than the APM and JEM.

Atmosphere Control and Supply (ACS) includes

monitoring the total atmospheric pressure over the range 1

to 1,048 hPa (0.0145 to 15.2 psia). Control of the ppO 2 is

performed by the USOS or RS via IMV. Positive pressure

relief is enabled when the module is inside the space

shuttle cargo bay and when the MPLM is attached to the

USOS but isolated (i.e., when the hatch is closed and the

IMV valve is closed). When the MPLM is connected to

the USOS overpressure relief is disabled in the MPLM

and provided by the USOS. When the module is isolated

the atmospheric pressure is maintained to less than the

design maximum internal-to-external differential pressure.

Venting of atmosphere to space does not occur at

<99.9 kPa (14.5 psid) when the MPLM is isolated.

Pressure equalization is performed via the MPEV.

(See chapter II, section 3.1.4, for more information.)

The MPLM is exempt from the requirement to respond

to rapid decompression, and relies on the USOS or RS.

When returning the MPLM to Earth, the negative

differential pressure across the MPLM shell must be re-

lieved. For this purpose there are five negative pressure
relief valves.

Temperature and Humidity Control (THC)

functions are primarily performed by the USOS. Latent

and sensible heat loads dissipated to the air are removed

by the cold air supplied by the USOS through IMV.

Atmosphere Revitalization (AR) includes control-

ling the ppCO 2 (provided by the USOS or RS via IMV),

controlling gaseous contaminants (provided by the USOS

or RS via IMV), and responding to hazardous atmosphere.

Control of airborne particulate contaminants (via HEPA
filters) and control of airborne microorganisms (via HEPA

filters) is performed by the USOS.

Fire Detection and Suppression (FDS) includes

smoke detectors in the intramodule circulation system,

since the MPLM does not have separate avionics air cool-

ing. The forward endcone and the freezer/refrigerator

racks are the only credible fire risk locations inside the
MPLM. The free volume in each enclosure allows the

CO 2 mass contained in a PFE to suppress a fire. The

freezer/refrigerator rack volumes are located together in

a single enclosure. In the event of a severe fire in the
MPLM, the module would be sealed, vented, and returned
to Earth.

Waste Management (WM) is provided by the USOS

or RS. USOS waste products are stored in the MPLM for
return to Earth.

Water Recovery and Management (WRM) is not
required in the MPLM.

Vacuum Services to user payloads are not required

since there are no active payloads in the MPLM.

EVA Support is not required for the MPLM.

Other ECLS functions, such as distribution of gases

to user payloads, are not required since there are no active

payloads in the MPLM.
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FIGURE 144.--MPLM ECLSS schematic.
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2.2 ECLS Monitoring and Control

The ECLS is controlled via laptop computers that can

be connected to the C&DH system through data ports
located in the modules. This approach is identical to that

used on the USOS and is described further in chapter II,

section 2.2. The C&W panels in the APM and JEM are
identical to those used on the USOS (shown in chapter II,

fig. 114). In the JEM there is also a rack-mounted work-

station for monitoring and controlling the ECLSS and

other systems.

2.3 ECLS Interconnections

ECLS interconnections include fluid interfaces be-

tween segments (atmosphere, gases, and water) and
mechanical interfaces in each module (e.g., access ports

for PFE's). These interfaces are consistent throughout all

modules to ensure that PFE's may be used wherever need-
ed. Fluid interface conditions for all interfaces between

modules are summarized in chapter II, table 18.

The interfaces with the USOS through Node 2

include:

Coolant Supply and Return Low-temperature

coolant for the ITCS is supplied from the USOS at 0.6 to

5.6 °C (33 to 42 °F) and returned to the USOS at 3.3 to

21 °C (38 to 70 °F) and 124 to 689 kPa (1.24 to 6.9 bar,

18 to 100 psia) and at a flowrate of 0 to 0.063 kg/sec (0 to
8.33 lb/min). The ITCS provides the low-temperature

coolant to the THC CHX subsystem.

IMV Supply and Return---Respirable air is supplied
from the USOS to the MPLM at 7.2 to 29 °C (45 to 85 °F)

and to the APM and JEM at 18 to 29 °C (64 to 85 °C),

95.8 to 104.8 kPa (13.9 to 15.2 psia), and at a flowrate be-

tween 3.8 and 4.7 m3/min (135 and 165 cfm). The sup-

plied air has a dewpoint between 4.5 and 15.5 °C (40 and
60 oF) and a RH between 25 and 70 percent.

The maximum 0 2 concentration is 24.1 percent by
volume. The means to turn off and isolate IMV supply is

also present. The IMV interface with Node 2 is shown in

figure 145.

By separate ducts, the USOS receives return IMV air
at 95.8 to 104.8 kPa (13.9 to 15.2 psia) and at a flowrate

between 3.8 and 4.7 ma/min (135 and 165 ft3/min). The

capability to receive IMV atmosphere during both open

and closed hatch operations is present. The means to turn
off and isolate IMV return is also present.

Atmospheric sampling is performed via a separate
internal line to acquire samples for monitoring (in the

USOS) the major constituents in the module atmosphere.

2.3.1 APM Interconnections

The fluid interfaces of the APM are shown schemati-

cally in figure 146. The interfaces and their conditions are
listed in detail in table 36. The feedthrough connectors are

QD's and are identical to the connectors used on the

USOS (shown in chapter II, fig. 25). The QD's are de-

signed to last for the entire life of the ISS, but may be

replaced in the event of failure, providing that both sides

of the connector are in pressurized atmosphere (i.e., mod-

ules are attached and pressurized). TCS jumpers are

threaded (also shown in chapter II, fig. 25) rather than

QD's. The condensate from the CHX is delivered to the
USOS via a dedicated condensate return (wastewater)
line. The conditions in this line at the interface with the

USOS are also listed in table 36.

The IMV supply and return atmosphere conditions
are described in table 37. The condition of the atmosphere

samples at the interface with the USOS are described in
table 38.
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l_c_ 146.--APM fluid interfaces with the USOS.
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TABLE 36.--APM/USOS interfaces and conditions.

Interface Conditions

Power TwoPowerFeedsof 12.5kWEach,120to 126Vdc

Heat Rejection Moderate-TemperatureHXMaximumHeatLoadof 22kW
Low-TemperatureHXMaximumHeatLoadof 7 kW
TotalHeatLoadof 22kW

Moderate-TemperatureHXWaterSide:
• OutletTemperature:12.8to 18.3°C (55to 65°F)
• InletTemperature<50 °C (122°F)

Low-TemperatureHXWaterSide:
• OutletTemperature:0.6to 5.6°C (33to 42 °F)
• InletTemperature:12.8to 18.3°C (55to 65 °F)

Moderate-TemperatureHXMaximumFlowrate:1,360kg/hr(2,998Ib/hr)
Low-TemperatureHXMaximumFlowrate:610kg/hr (1,345Ib/hr)

IMV Hat Load 220W Sensible,0 WLatent

Venting PressureRangelx105 to 1.3x10-I Pa(14.7to1.9x10-5 psia)
ProcessGases

Air Exchange

N2

AtmosphereSampling

CondensateWater Return

Air Supply:
• Flowrate:229to 280m3_r (135 to 165cfm)
• Temperature:17to 28°C(63to 82°F)
• CleanlinessLevel:Class100,000

Air Return:

• Flowrate:229to 280m3/hr(135to 165cfm)
• Temperature:18 to 29°C(64.4to 84.2°F)
• CleanlinessLevel:Class100,000

MassFlowrate:0 to 2.72kg/hr (0 to 6.0Jb/hr)
Pressure:

• Regulated:6,200to 8,270hPa(90to 120psia)
• MaximumDesignPressure:13,780hPa(200psia)

Temperature:18to 27°C(64to 81°F)

Flowrate:0 to 0.64L/min(0 to 39 in3/min)
Pressure:957to 1,027hPa(13.9to 14.9psia)
Temperature:16to 37°C(61to 99°F)

MassFlowrate:1.4kg/hr(3.1 Ib/hr) Continuous,3.2kg/hr (7 Ib/hr)Maximum
Pressure(1): 1,380to2,070hPa(20to 30psia)
Temperature:4.5to 43 °C(40to 109°F)
ParticulateFiltration:f0g pm
Free-GasLevel:0 to 10Percentby Volume
(1) TheAPMdeliversthemaximumflowratefor anyvalueof the interface

pressureup tothemaximum.
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TABLE37.nlMV supply and return at the APM/USOS interface.

Parameter Range

132Pa(0.53 in H20)SupplyPressureDrop(betweenNode2 andtheIMVconnectorat
theAPMbulkhead)at 280m3/hr(I65 scfm)

ReturnPressureDrop(betweentheIMVconnectorat theAPM
butkheadandNode2)at 280m3/hr(165scfm)

Temperature
Dewpoint
IMVFlowrate

TotalPressure--Nominal(1)

ppO2(1)

ppCO2 (1)
RH

TraceContaminants(2)
MicrobialCount

Particulates>0.5pm

SensibleHeatLoad(3)
LatentHeatLoad(3)

95Pa(0.38in H20)

18 to 29.5°C (65to 85°F)
4.4 to15.6°C (40to 60°F)
229to280m3/hr

(135to 165scfm)
95.8to 102.7kPa

(13.9to 14.9psia)
19.5to 23.1kPa

(2.83to 3.35psia)
CabinAir
25 to 70Percent
CabinAir
0to 1,000CFU/m3

(0 to 28CFU/ft3)
<3,500,000PC/m3
(<100,000PC/ft3)
0 to 400W
0 to 200W

Notes:

(1) AtmosphericcompositionintheAPMis controlledbytheUSOS.
(2) Tracecontaminantsin theAPMarecontrolledby theUSOSaccordingto NHB8060.1,appendixD, "Flammability,Odor,andOffgassingandCompatibility

RequirementsandTestProceduresfor Materialsin EnvironmentsthatSupportCombustion."
(3) Usedfor THCsizing.

TABLE38.nAtmosphere sample line condition at the APM/USOS interface.

Parameter

Pressure

Temperature
Flowrate

APMMaximumPressureLoss

Volumeof Gasin Line(Maximum)
ParticleFilterMeshSize

SampleLineMaterial

Range

95.8to 102.3kPa(13.9to 14.9psia)

16to 37°C (61to 99°F)

0.1to 0.6L/mln(100 to 600scfm)

1.03kPa(0.15psi)
TBDm3

2 pm
StainlessSteel

2.3.2 JEM Interconnections

The JEM fluid interfaces are shown schematically in

figure 147. The interfaces and their conditions are listed

in table 39. Most of the vestibule jumpers are the same as
for the APM. The condensate from the CHX is delivered

to the USOS via a dedicated condensate return (wastewa-

ter) line. The conditions in this line at the interface with
the USOS are also listed in table 39.

2.3.3 MPLM Interconnections

The fluid interfaces of the MPLM are shown sche-

matically in figure 148. The interfaces and their condi-

tions are listed in table 40. The vestibule jumpers are the

same types as for the APM interconnections. The loca-
tions of the MPLM interface connections are shown in

Figure 149.
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Legend
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JEM

Common
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FIGURE 147.--JEM fluid interfaces with the USOS.

TABLE39.--JEM interfaces with the USOS.

ECLSSInterface Flowrate Temperature Notes

IMV Supply 229to 246m3/hr 18.3to 29.4 °C MaximumNode-SidePressureLoss=

(135to 145cfm) (65to 85 °F) 9.7mm(0.38in)H20
Pressure= 0.96 to 1.05bar(13.9to 15.2psia)

IMI/Return

CondensateWater Return

N2

AtnlespheraSampling

229 to 246m3/hr

(135to 145cfm)

0 to 3.2kg/hr
(7 Ib/hr)
0 to 13.6kg/hr
(0 to 30 Ib/hr) peak
(forup to 12rain)

0.27kg/hr
(0.6 Ib/min)

0 to 0.6L/min
(600scc/min,0.02cfm,
35 in3/min)

18.3to29,4 °C

(85to85°F)

4.4to 45°C

(40to 113°F)

183 to29.4 °C

(65to85 °F)
(exceptduring
initialstartup)

17.2to 42.8°C

(63to 109°F)

MaximumJEM-SidePressureLoss=

TBDin H20;MaximumJEM-SideHeat
Removal= +220 W; Pressure= 0.96 to 1.05bar
(13.9to 15.2psia)

H20PressureRange= 0 to 0.55bar (55kPa,8 psig)
aboveambient;MaximumDesignPressure= 3.1bar
(310kPa,45psia); Free-GasVolumeat4.4 °C(40 °F)
and142.7kPa(20.7psia)= 0 to 10percent
MaximumParticulateSize= 100pm

NominalPressureRange= 621to 827 kPa
(90 to 120psia)
MaximumDesignPressure= 1,378kPa
(200psia)

PressureRange= 75.8to 104.8kPa
(11.0to 15.2psia)
MaximumPressureLoss=

TBDat 0.6L/rain (0.02cfm)
JEMLineGasVolume= TBD
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Berthing Berthing

Mechanism Mechanism

FIGURE148.--MPLM fluid interfaces with the USOS.

TABLE40.--MPLM/USOS interface conditions.

ECLSSInterface

IMVSupply

IMVReturn

AtmosphereSample

Flowrate

229to 246m3/hr

(135to 145cfm)

229to 246 m3/hr

(135to 145cfm)

0 to 400scc/min

Temperature

7.2to 29.4 °C

(45 to 85°F)

18.3to 29.4°C

(65to 85°F)

18.3to29.4 °C

(65 to 85°F)

Notes

Pressurefrom0.9to 1.03bar

(96to I05 kPa)(13.9to 15.2psia)

Pressurefrom0.9to 1.03bar

(96to 105kPa)(13.9to 15.2psia)

Pressurefrom0.9to 1.03bar

(96to 105 kPa)(13.9to 15.2psia)

2.4 Logistics Resupply

As much as feasible, regenerable technologies are

used for the ECLSS. Some expendable components are

used, however, and these must be resupplied. The

expendable items and replaceable components are listed
in table 41.
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All AirReturnto US

A13AirSampling
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FICURE 149.--MPLM interface connections.
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ORU/Component

TABLE41.--ECLS logistics resupply.

Mass Mass Power Design
(kg) (lb) Consump- Life

tion (W)

Attached PressurizedModule (APM)

Replacement
Period

Notes

AtmosphereControlandSupply (ACS)
TotalPressureSensor
DA

PPRA
NPRA
MPEV

VentandReliefAssembly

Temperatureand HumidityControl(THC)
AtmosphereTemperatureSensor
CCM
HEPAfilters

Fanassembly
CabinAir Diffuser
AM

AtmosphereRevitalization (AR)
AtmosphereSampleLine:

SampleLineShutoffValve
SampleLineFilter

Fire Detection andSuppression(FDS)
SmokeDetector
PFE
PBA

EmergencyWarningPanel

IVacuumServices (VS)

Low-RangePSensor
High-RangePSensor
ManualValves

AtmosphereControland Supply(ACS)
In thePM:

02/N2ControlUnit:
,, Solenoid/ManualValves
• TotalPressureSensors

VentandReliefAssembly
Motor/ManualValves

02/N2Distribution
• DistributionLines
• ManualValve
• FlowOrifice

MPEV's

PPRA
NPRA's

0.34
2.9

2.31
0.98

50g 0.11

26 57

1.4

1.02 2.25

0.34

0.75 248mW
6.4 195 for heater

and14.85(peak)
for motorizedvalve

5.09 14.85peak
2.16

JEM

20peak

0.75 248 mW

2.31 5.0g

SameasUSOS

Sameas USOS

SameasUSOS

SameasUSOS
Sameas USOS
Sameas USOS

2 sensors
SameasUSOS
2each

2 valves,
Sameas USOS
SameasAPM

2 valves,
SameasAPM
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TABLE41.--ECLS logistics resupply (continued).

ORU/Component

IntheELM-PS:

VentandReliefAssembly
• Motor/ManualValves
• TotalPressureSensors

O2/N2Distribution:
• DistributionLines
• Solenoid/ManualValve
• FlowOrifice

MPEV
PPRA
NPRA

Temperatureand Humidity Control(1111:)
AtmosphereTemperatureSensor
CCAA
CabinFan

Liquidsensor
AAA
IMVFan
IMVValve

AtmosphereRevitalization (AIR)
PM:

• Solenoid/ManualValve
• ManualValve

• SampleLines
ELM-PS:

Solenoid/ManualValve

SampleLines
HEPAFilters

Fire D_ection and Supprusion (FDS)
PM:

• SD

• PFE
• PBA
• FirePanel

ELM-PS:
• SD

• PFE
• PBA
• Fire Panel

VacuumServices (VS)
Low-RangeP sensor
High-RangePsensor
Manualvalves

LatchingSolenoidValve

Normally-ClosedSolenoidValve
ManualValve

TemperatureSensor
Tanks

Mass

Ocg)

1.02

5.0

1.02

Mass

(Ib)

2.25

11.0

2.25

Power
Consump-
tion (W)

Design
Life

Replacement
Period

Notes

2 each
2 sensors

SameasUSOS
SameasAPM
2valves,
SameasAPM

SameasLISOS
Sameas USOS
SameasUSOS
SameasUSOS
Sameas USOS

2 Valves

15Detectors.
Sameas USOS
2, SameasUSOS
2, SameasUSOS
29Panels

2 Detectors,
SameasUSOS
1,SameasUSOS
2, SameasUSOS
2 Panels
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TABLE41.--ECLSlogistics resupply (contfnubd).

ORU/Component

ExperimentAirlock
VacuumPump
Fan

Dehydrator
SolenoidValve
ManualValve
Filter
FlowRestrictor

Mass

(ko)
Mass

pb)

MPLM

Power

Consump-
tion (W)

Design
Life

Replacement
Period

Rotes

AtmosphereControland Supply(ACS)
TotalPressureSensor

DepressurizationAssembly
IntermoduleFluidConnectors
NPRA
PPRA

MPEV

AtmosphereRevitalization (AR)
IntermoduleFluidConnector
SampleLineShutoffValve
SampleLineFilter

Temperatureand HumidityControl(THC)
Diffusers

TemperatureSensors
CabinFanAssembly
CabinOutletGrids

CabinFanAssembly
CabinFanAssemblyInletMuffler
Grilles
IMVShutoffValve

AtmosphereRevitalization (AR)
Ventand ReliefValveAssembly

Fire Detection andSuppression(FDS)
SD
PFE

PBA

2.9

0.98
2.31

1.4
0.15

5.34

5.0

drymass

6.4

2.16
5.1

3.1
0.33

11.75

11.0

drymass

14.85peak

20peak

3,750cycles

Sameas USOS
SameasAPM

4 NPRA's
2 PPRA's
Sameas USOS
Sameas USOS

SameasAPM

O.15 (standby)
20 (max)

Sameas USOS

Sameas USOS
Arde, Inc.
SameasUSOS
SameasUSOS

3.0 ECLS Technologies

The technologies that perform the ECLS functions in
the APM, YEM, and MPLM are described in this section.

Under each functional category, the specific capabilities

are described for each segment.

3.1 Atmosphere Control and Supply

(ACS)

The ACS subsystems in the APM, JEM, and MPLM

are shown schematically in figures 150-152, and are

described in the following sections for each segment.
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3.1.1 APM ACS

The ACS equipment that is in the APM is described
below.

3.1.1.1 Control Total Atmospheric Pressure

Total atmospheric pressure is monitored in the APM.

Negative pressure relief is also provided in the APM.

Other ACS functions such as adding N 2 are provided by

the USOS or RS. There is no pressure control panel in
the APM.

3.1.1.1.1 Monitor Total Atmospheric Pressure

The total atmospheric pressure sensor, shown in

figure 153, is a standard, bonded-foil strain gauge sensor.

The basic principle of operation is to derive an output

resulting from a pressure induced imbalance in a four-

active-arm Wheatstone bridge. The rate of pressure

change (dP/dt) is not calculated in the APM. Instead,

the total pressure is monitored by the crew who determine

if there is excessive pressure change. The characteristics

of the total pressure sensor are listed in table 42.

35 mm I_ 117 mm _1 Major

(1.38 in) (4.6 in) -I Keyway.]

Fitting End Receotacle

FIGUnE 153.--APM total pressure sensor.

3.1.1.1.2 Negative Pressure Relief Assembly

(NPRA)

The NPRA's are derived from the Carleton NPRA's

used on the space shuttle, shown in figure 154. Each

assembly consists of a pneumatic valve designed to open
automatically when external pressure exceeds internal

pressure, and to prevent the escape of module air when
there are normal pressure conditions inside the module.

The pneumatic valve is of primary poppet construc-
tion and incorporates a captive redundant seal cover

which provides assurance against air outflow resulting

from a primary poppet failure. The detent spring offsets

the cover assist spring force to protect against premature
cover deployment due to launch vibration, etc. The cover

spring ensures that the cover opens fully when actuated

to assure unimpeded airflow through the valve.

TABLE42.--APM total pressure sensor characteristics.

SensorCharacteristics

Envelope

Mass

Range

Accuracy

Metric Units

35mmdiameter× 117mmlength

0.34kg

0 to 138kPa

+ 0.02 percentfull scale

U.S. Units

1.3Bin diameter× 4.61 in length
0.75Ib

0 to 20psia

+ 0.02 percentfull scale

OperatingEnvironment:

Temperature

Pressure

PowerConsumption
Power

InputVoltage
Data

Outputsignal

-1.1 to 60°C

0to 110.3kPa

248 mW

28Vdc

15+1.8Vdc

0 to 5 Vdc(analog)
4 mAat0 kPato20 mA

at 110.3kPa,linear

30 to 140°F

0 to 16psia

248 mW

28Vdc

15±1.8Vdc

0 to 5 Vdc (analog)

4 mAat0 psiato 20 mA

at 16psia,linear
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Flctr_ 154.--NPRA.

The main physical and performance characteristics

of the underpressure relief assembly are:

• Dimensions

- 178 mm length by 175 mm diameter (7.0 in

length by 6.9 in diameter)

• Mass

- 0.98 kg (2.16 lb)

• Nominal airflow rate

- 0.54 kg/sec at 3.4 kPaAP and 21 °C

(1.19 lb/sec at 0.5 psid and 70 °F)

• External leakage
- 0.1 scc/min

• Minimum cracking pressure

- 17.2 hPa (0.25 psid)

• Full flow at

- 34.5 hPa (0.5 psid)

• Maximum flowrate

- 0.54 kg/hr (1.19 lb/hr).

A functional schematic of the NPRA is shown in

figure 155. The location of the NPRA is shown in figure

142. Negative pressure is limited to be less than 34.5 hPa

(0.5 psid). Five vent lines are sufficient to meet the

requirement and there is one redundant vent line, so the

NPRA is one-failure tolerant with regard to failure to

open.

3.1.1.1.3 N 2 Distribution

N 2 is supplied from the USOS for rack-mounted

payloads and subsystems in the APM and is distributed to

each standoff for use by payloads and subsystems.

r_ = 0.54 kg/sec
at 35 hPa

Relief Valve
Forward Endcone

I I

I I

I I

Relief Valve
Aft Endcone

FICUR_ 155.--APM NrpRA functional schematic.

3.1.1.2 Control Oxygen Partial Pressure

This capability is not required in the APM and is

provided by the USOS or RS. The ppO 2 is, however,

monitored in the APM using an electrochemical sensor.

The major constituent composition of the atmosphere

(including 02) is monitored by the USOS through the

SDS that consists of a sample line for delivering atmos-

phere samples to the USOS, a shutoff valve, and a filter.

A functional schematic of the sample line is not

presently available. This line includes a filter screen and

two valves in series (one is redundant to provide one

failure tolerance). The pressure loss in the APM sampling

line is <10.3 hPa (0.15 psid) at 600 scc/min. The particle

filtration level is 2 12m. The SDS is described further in

chapter II, section 3.3.2.1.4.

3.1.1.3 Relieve Overpressure

The PPRA, shown schematically in figure 156,
ensures that the pressure differential does not exceed

1,048 hPa (15.2 psid) during both berthed and unberthed

conditions. As shown in figure 142, there are two vent

lines. One line is sufficient to meet the requirement and

the other line is redundant, so the PPRA is one- failure

tolerant with regard to failure to open. Each vent line

has a pneumatic valve downstream of a motorized valve

(that has a position indicator) in series with a manual

over-ride (shown in fig. 157), so each line is one-failure

toler-ant with regard to failure to close. The performance
characteristics of the valves are:
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at 1,048 hPa
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279.,1mm

(11.00in max)

FIGURE157.--Positlve pressure relief valve.

Ficta_ 156.mPPRA functional schematic.

• Minimum cracking pressure

- 1,021 hPa (I4.8 psid)

• Minimum reseat pressure

- 1,004 hPa (14.56 psid)

• Full flow pressure
- 1,046 hPa (15.17 psid)

• Maximum flowrate

- 68 kg/hr (150 lb/hr).

The PPRA also includes a debris screen, a non-

propulsive vent, and a support flange. The pneumatic

valve provides automatic positive pressure relief and the

motorized valve is used to disable or re-enable the pneu-

matic valve and to provide single-failure tolerance in case

the pneumatic valve fails to close or it opens when not
needed.

The PPRA's are derived from the Carleton PPRA's

used in the Spacelab. Each assembly consists of a me-

chanical pressure relief valve and a motor-driven valve

(normally open) connected in series and arranged in a
common valve bore. Modifications for use on the ISS

include modifying the valve spring to have a cracking

pressure of 102.0 kPa (14.8 psia) and full-flow pressure

of 104.8 kPa (15.2 psia). The relief valve is a poppet-type,

pressure compensated by a bellows, and incorporates an

electrically operated closing override butterfly valve. The

motor-driven valve consists of a 28 Vdc brush-type motor,

a valve position indicator, and a butterfly valve. A cap-

tive-debris screen on the internal side of the assembly and

a filter screen on the bulkhead side of the assembly

provide protection from foreign material.

The main physical and performance characteristics
of the PPRA are:

• Dimensions

- 279 by 203 by 127 mm (11 by 8 by 5 in)

• Mass

- 2.31 kg (5.09 lb)

• Nominal airflow rate

- 0.018 kg/sec at 104.8 kPa AP and 21.1 °C

- (0.040 Ib/sec at 15.2 psid and 70 °F)

• External leakage
- 0.1 scc/min

• Power consumption

- 14.85 W peak for motorized valve.

3.1.1.4 Equalize Pressure

The pressure differential between adjacent, isolated

modules is equalized by means of the MPEV mounted in
the hatch between the modules. The APM MPEV is iden-

tical with the USOS MPEV, described in chapter II,
section 3.1.4.

3.1.1.5 Respond to Rapid Decompression

The differential pressure of depressurization, repres-

surization, and the depressurized condition can be tol-

erated by the equipment and structure without resulting

in a hazard or failure propagation. The response to rapid

decompression is to evacuate the module and seal the
Node 2 hatch to the APM, as described in section 6.6.

After any necessary repairs are made, the APM is repres-

surized by allowing atmosphere to flow from Node 2 into
the depressurized module through the Node 2 MPEV,
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describedinchapterII, section3.1.4.Thismanually
operatedvalveallowscontrolledairflowbetweenmodules
andsupportsmanualatmospheresamplingequipmentas
well.TheMPEVis identicaltotheMPEV'sforthe
USOS,andismanuallyactuatedfromeithersideofa
hatch.ThegasesnecessarytorepressurizetheAPM,
andanyothersuppliesorequipmentrequiredtorespond
torapiddecompression,areprovidedbytheUSOS.

3.1.1.6 Respond to Hazardous Atmosphere

The initial response is for the crew to don PBA's,

which have a 15 min supply of bottled 02 or air. There are

two PBA's in the APM. When initiated by the crew or

ground control the APM atmosphere can be vented to

space to achieve a pressure of less than 2.8 kPa (0.4 psia)
within 24 hr. The APM can be repressurized via the

MPEV from space vacuum to a total pressure of 95.8 to

98.6 kPa (13.9 to 14.3 psia) and a ppO2 of 16.4 to 23.t

kPa (2.38 to 3.35 psia) within 75 hr with 02 and N 2 from

the USOS as specified in SSP 41150.

3.1.1.6.1 Depressurization Assembly (DA)

The DA provides atmosphere venting on request in

order to:

• Relieve overpressurization in a module.

• Vent a module in response to a fire or release

of toxic chemicals from a payload.

• Discharge air for fine cabin pressure adjustment.

The DA consists of two motor-driven valves with

manual override:

Isolation valve to provide vent isolation

and sating.

Vent valve to provide a vent to space.

Two depressurization assemblies provide sufficient

capability to allow reducing the ppO2 to < 6.9 kPa

(1.0 psia) within 10 rain, to extinguish a fire. The two
valves in series in each assembly provide single failure
tolerance in case of a failure to close or an unwanted

activation. The motorized valves are normally unpowered.

3.1.1.6.1.1 DA Design

The depressurization capability consists of two DA's,

each including a debris screen, a non-propulsive vent, a

heater (dedicated thermistor), support flange, and two
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CabinPressure BleedValve

FIGURE 158.--APM and MPLM depressurization

assembly.

motorized valves arranged in series and normally closed.

Each valve, shown in figure 158, includes a position
sensor. As shown in the functional schematic (fig. 159),

there are four non-propulsive vents.

The heaters are installed on the external side of the

DA, close to the vent. The function of the heaters is to

avoid ice formation on the external surfaces of the as-

semblies, due to moisture in the atmosphere being releas-

ed during depressurization, and possible blockage of the
vent. The vent is long enough to accommodate placing the
heaters in this location. The heaters use 120 Vdc power.

Each vent line has two motorized valves in series, so each

vent line is one-failure tolerant with regard to failure of a

valve to close.

The main physical and performance characteristics
of the DA are:

• Dimensions

- 250 by 140 by 110 mm (9.8 by 5.5 by 4.3 in)

• Mass

- 2.9 kg (6.4 lb)

• Nominal airflow rate

- 0.1185 kg/sec at 101.35 kPa and 21.1 °C

- (0.2613 lb at 14.7 psia and 70 °F)

• Internal leakage
- 0.1 scc/min

• External leakage
- O.1 scc/min

• Power consumption

- 14.85 W for the motorized valve (peak),

195 W heater.
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FIGURE 159.--APM depressurization assembly functional schematic.

3.1.1.6.1.2 DA Operation

In operation, a command would be sent by the USOS

controller to the module avionics system to open the two

normally closed valves in each DA. Heaters on the DA

venting devices are controlled via a dedicated redundant

electronic unit (heater control unit (HCU)), shown sche-

matically in figure 160, that is mounted external to the

APM. The HCU monitors the relevant temperature sens-
ors and commands the heaters.

3.1.1.6.1.3 DA Performance

The heater power required to preclude ice formation

is up to 195 W (in the case of maximum humidity and
minimum temperature in the atmosphere). The maximum

flowrate (ria) is 0.165 kg/sec (0.364 lb/sec) at 1,013 hPa

(14.7 psia) and 21 °C (70 °F).

3.1.2 JEM ACS

The ACS equipment that is in the JEM is described
below.

3.1.2.1 Control Total Atmospheric Pressure

Total atmosphere pressure is monitored in the JEM.

Negative pressure relief is also provided in the JEM.

Other ACS functions such as adding N 2 are provided

by the USOS or RS. There is no pressure control panel in
the JEM.

3.1.2.1.1 Monitor Total Atmosphere Pressure

The total pressure monitoring capability consists

of pressure sensors to monitor total pressure for failure

detection and isolation purposes. Two sensors are located
in the JEM PM and two are located in ELM-PS. The rate

of pressure change (dP/dt) is not calculated in the JEM.

Instead, the total pressure is monitored by the crew, who

determine if there is excessive pressure change.

3.1.2.1.2 Negative Pressure Relief Assembly

(NPRA)

The NPRA in the JEM is identical with the NPRA

used in the APM and MPLM, described in section

3.1.1.1.2.

3.1.2.1.3 N 2 Distribution

Nitrogen is supplied from the USOS for rack-

mounted payloads and subsystems in the PM. The supply

is routed to the racks via one supply line in each lower
standoff. A side branch from the standoff line serves the

ITCS water loop accumulator for pressurization. Motor-
ized isolation valves with manual override control the

distribution of N 2.

The N 2 distribution system consists of lines to

deliver N 2 to cabin distribution points in the PM. These

lines have an inner diameter (ID) of 0.95 cm (3/8 in).

3.1.2.2 Control Oxygen Partial Pressure

This capability is provided by the USOS or RS via
IMV.
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FIGURE160.mAPM heater control functional schematic.

The major constituent composition of the atmosphere

(including 02) is monitored by the USOS through the

SDS that consists of a sample line for delivering atmos-

phere samples to the USOS, a shutoff valve, and a filter.

The SDS performs the following functions and
features:

• Supports remote activation/isolation of PM

and ELM-PS sampling for ingress/egress.

• Latching solenoid valve with manual override,

on/off position, and position switch.

• Supports remote sampling of PM and ELM-PS

atmosphere.

Sample delivery lines:

- PM sample obtained from IMV return duct

- ELM-PS sample obtained from cabin air
return duct

- 0.32 cm (1/8 in) ID lines.

3.1.2.3 Relieve Overpressure

Atmospheric pressure is maintained to less than the

design maximum internal-to-external differential pressure

(104.8 kPa (15.2 psid)) by a PPRA. Venting of atmos-

phere to space does not occur at less than 103.4 kPa

(15.0 psid). The JEM PPRA is identical with the APM
PPRA described in section 3.1.1.3.

The SDS consists of the following components: 3.1.2.4 Equalize Pressure

Solenoid/manual sampling valve:
- One in the PM and one in the ELM

Manual sampling valve:
- Two in the PM to isolate sampling to PM

and to ELM-PS

- Manual valve with on/off position

and position switch

The pressure differential between adjacent, isolated

modules is equalized by means of the MPEV mounted in
the hatch between the modules. The JEM MPEV is ident-

ical with the USOS MPEV, described in chapter II,

section 3.1.4.
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3.1.2.5 Respond to Rapid Decompression

The differential pressure of depressurization, repress-

urization, and the depressurized condition can be tolerated

by the equipment and structure without resulting in a haz-

ard or failure propagation. The response to rapid decom-

pression is to evacuate the module and seal the Node 2

hatch to the JEM, as described in section 6.6. After any

necessary repairs are made, the JEM is repressurized by

allowing atmosphere to flow from Node 2 into the de-

pressurized module through the Node 2 MPEV, described

in chapter II, section 3.1.4. This manually-operated valve

allows controlled airflow between modules and supports

manual atmosphere sampling equipment as well. The
MPEV is identical to the MPEV's for the USOS, and is

manually actuated from either side of a hatch. The gases

necessary to repressurize the JEM, and any other supplies

or equipment required to respond to rapid decompression,

are provided by the USOS.

3.1.2.6 Respond to Hazardous Atmosphere

The initial response is for the crew to don PBA's,

which have a 15 min supply of air or 02. There are two

PBA's in the JEM. When initiated by the crew or ground

control the JEM atmosphere can be vented to space to

achieve a pressure of less than 2.8 kPa (0.4 psia) within

24 hr. The JEM can be repressurized via the MPEV from

space vacuum to a total pressure of 95.8 to 98.6 kPa (13.9

to 14.3 psia) and a ppO2 of 16.4 to 23.1 kPa (2.38 to

3.35 psia) within 75 hr with 02 and N 2 from the USOS

as specified in SSP 41151, paragraphs 3.2.4.3.5 and
3.2.4.4.5.

3.1.2.6.1 Depressurization Assembly

The JEM uses the same vent and relief valves as the

USOS as described in chapter II, section 3.1.

3.1.3 MPLM ACS

The ACS equipment in the MPLM is described
below.

3.1.3.1 Control Total Atmospheric Pressure

The total pressure sensor used in the MPLM is the
same as the sensor used in the APM, described in section

3.1.1.1.1. The rate of change of pressure (dP/dt) is cal-

culated to determine if there is excessive atmosphere leak-

age. Control of the atmosphere pressure is provided by the

USOS or RS. There is no pressure control panel in the
MPLM.

3.1.3.2 Negative Pressure Relief

The negative pressure relief capability provides

automatic equalization of the pressure between a module

atmosphere and the external environment, such as for

returning the MPLM to Earth. Negative pressure relief is

also provided to ensure that low pressure weather systems

do not lead to buckling of the modules prior to launch. In

the MPLM this capability is provided by five assemblies,

each including one pneumatic valve and support flange.

Four valves are sufficient to maintain the negative differ-

ential pressure below 3.45 kPa (0.5 psid), so as to avoid

structural collapse. A fifth valve provides single-failure

tolerance in case one of the valves fails to open when
needed.

3.1.3.3 Control Oxygen Partial Pressure

ppO2 control capability is provided by the USOS or

RS. The major constituent composition of the atmosphere

(including 02) is monitored by the USOS through the

SDS that consists of a sample line for delivering atmo-

sphere sam-pies to the USOS, a shutoff valve, and a filter.

3.1.3.3.1 SDS Sample Line

The SDS sample lines in the MPLM are shown in

figure 161. The total pressure drop in the MPLM sample

line does not exceed 1.03 kPa (0.15 psid) with an airflow

rate of 600 sccm at 101.3 kPa (14.7 psia) pressure and

21 °C (70 °F). The sample line is made of AISI 304L
stainless steel with an outer diameter (OD) of 3.2 mm

(1/8 in). The sample line ends in the MPLM cabin via a
threaded duct that allows test and leakage verification by
the Gas Servicer. The mechanical interface is a 3.2 mm

(1/8 in) threaded fitting.

3.1.3.3.2 SDS Shutoff Valve

A sample line shutoff valve, shown in figure 162,
allows isolation of the MPLM from the USOS. The

MPLM avionics system controls opening and closing
of the sample line shutoff valve. The principal elements

of the valve are a main solenoid, a central shaft, a balanc-

ed poppet, a latching solenoid, a valve position indicator

switch, and a housing. All materials are 304 stainless steel

or other corrosion-resistant material. While the poppet is

in the open position, air flows through the valve to the

outlet port. When the latching solenoid is energized,

225



thelatchispulledoutofthegrooveonthecentralshaft,
andthepoppetspringclosesthevalve.Thevalveposition
indicatorsensesthepositionofthecentralshaftand
providesonecontactclosureforopenandanothercontact
closureforclosedpositionindication.Thevalveinter-
faceswiththesamplelineductsthrough6.4mm(1/4in)
fittings.

Thecharacteristics of the sample line shutoff valve
include:

• Dimensions

- 101 by ll0by 127 mm (4by 4.3 by 5in)

• Mass

- 1.4 kg (3.1 lb)

• Pressure drop

- <0.52 kPa (0.075 psid) at 600 sccm of air

at 101.3 kPa (14.7 psia)

• Normal pressure range

- 95.8 to 104.7 kPa (13.9 to 15.2 psia)

• Temperature range
- 15 to 40 °C (59 to 104 °F)

• Internal leakage

- <0.25 sccm of air at 104.7 kPa (15.2 psid)

• Power supply
- 28 Vdc

• Power consumption

- 20 W peak during activation (< 1 sec).

3.1.3.3.3 SDS Filter

A sample line filter, shown in figure 163, prevents

particulates from entering the sample line. The filter

consists of a 2 mm absolute filter containing a small

HEPA-type cartridge and cleanable 8 by 8 mesh screen.

"/'be cartridge life is estimated at 1,45l days, with a 403-

day cycle for cleaning the screen. The aluminum housing

consists of two threaded pieces to allow access to the

filters. Fittings allow attachment to the sampling line.

The characteristics of the sample line filter include:

• Dimensions

- 33 mm (1.3 in) diameter by 59.4 mm

(2.3 in) length

• Mass

- 0.15kg (0.33 lb)

• Pressure drop

- 18 Pa at 600 sccm (0.07 in H20) airflow rate.
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3.1.3.4 Relieve Overpressure

The atmospheric pressure is maintained to be less

than the design maximum internal-to-external differential

pressure. Venting of atmosphere to space does not occur

at <102.0 kPa (14.8 psid) when the MPLM is isolated.
The PPRA in the MPLM is identical to the PPRA in the

APM, described in section 3.1.1.3. While attached to the

USOS, the USOS performs overpressure relief for the
MPLM.

3.1.3.5 Equalize Pressure

The pressure differential between adjacent, isolated

modules is equalized by means of the MPEV mounted in
the hatch between the modules. The MPLM MPEV is

identical with the USOS MPEV, described in chapter 17,
section 3.1.4.

3.1.3.6 Respond to Rapid Decompression

The differential pressure of depressurization, repress-

urization, and the depressurized condition can be tolerated

by the equipment and structure without resulting in a

hazard or failure propagation. The response to rapid de-

compression is to evacuate the module and seal the Node

2 (or Node 1) hatch to the MPLM, as described in section

6.6. After any necessary repairs are made, the MPLM is

repressurized by a/lowing atmosphere to flow from Node

2 (or Node 1) into the depressurized module through the

MPEV, described in chapter II, section 3.1.4. This man-

ually operated valve allows controlled airflow between

modules and supports manual atmospheric sampling

equipment as well. The MPEV is identical to the MPEV's
for the USOS, and is manually actuated from either side

of a hatch. The gases necessary to repressurize the
MPLM, and any other supplies or equipment required

to respond to rapid decompression, are provided by the
USOS. The MPLM can also be sealed and returned to

Earth for repairs.

3.1.3.7 Respond to Hazardous Atmosphere

The initial response is for the crew to don PBA's,

with a 15 min. supply of 02 or air. When initiated by the

crew or ground control the MPLM atmosphere can be
vented to space to achieve a pressure of less than 2.8 kPa

(0.4 psia) within 24 hr. The MPLM can be repressurized

via the MPEV from space vacuum to a total pressure of

95.8 to 98.6 kPa (13.9 to 14.3 psia) and a ppO 2 of 16.4 to
23.1 kPa (2.38 to 3.35 psia) within 75 hr with O 2 and N 2

from the USOS as specified in SSP 41150.
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FIGURE 161.--MPLM sample line layout.
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3.1.3.7.1 Depressurization Assembly

The MPLM DA is the same as the DA in the APM,

described in section 3.1.1.6.1. Depressurization is carded

out by 2 DA's both mounted on the forward end cone.

3.2 Temperature and Humidity

Control (THC)

The THC subsystems in the APM, JEM, and MPLM

are shown schematically in figures 164-166. The function

of conditioning the atmosphere within a segment can be

separated into several tasks. Some of these tasks are per-

formed in all of the segments (e.g., atmosphere circula-

tion), whereas other tasks are not (e.g., humidity

removal). These are described in the following sections

for each segment.

3.2.1 APM THC

The APM THC provides control of the atmos-

phere temperature and humidity, and circulates the atmos-

phere within the module and ventilates it to the USOS

through Node 2. The APM THC subsystem is shown

schematically in figure 167. The APM design cabin heat

loads are based on 220 W sensible from IMV plus three

people working heavily. The maximum cabin heat load on

the air loop is 1,300 W sensible and 360 W latent at 18 °C

(65 °F), including the maximum heat leak from the

ISPR's. The cabin airflow rate into the cabin through the

supply diffusers is 408 m3/hr (240 cfm).

The atmospheric temperature in the cabin is main-

tained within the range of 18 to 27 °C (65 to 80 °F). The

atmosphere temperature setpoint is selectable by the flight

or ground crew and the setpoint can be controlled within

+1 °C (+2 oF). The atmosphere RH is monitored by water

vapor pressure sensors.
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3.2.1.1 Control Atmosphere Temperature

Controlling the atmosphere temperature requires

monitoring the temperature and removing excess heat.

3.2.1.1.1 Monitor Atmosphere Temperature

The APM atmosphere temperature sensor, shown in

figure 168, is a platinum resistance probe enclosed in a

stainless steel housing, and is mounted in the return IMV

line. The main performance and physical characteristics
are:

Dimensions

- The sensor body is 47.5 mm in length

by 19. I mm diameter (1.87 in length
by 0.75 in diameter)

- The sensor probe is 52.1 mm in length

by 3.3 mm diameter (2.05 in length by 0.13 in
diameter)

Mass

- 50 g (0.11 lb)

Sensor resistance

- 1,000 ±1 ohms at 0 °C (32 °F)

Working temperature range

- 1.67 to 57.2 °C (35 to 135 °F)

Accuracy

- ±0.55 °c (1 °F)

Input current
- 1 mAdc.

3.2.1.1.2 Remove Excess Heat

The temperature is maintained between 18.3 and 27

°C (65 an 81°F). Excess heat is removed by a CHX unit
that is designed, as shown in figure 169, so that the CHX's

can be dried out. To enable this feature, atmosphere is
drawn into the CHX unit by two cabin fans that are in

parallel, with one being a backup to the other. The

atmosphere then flows through a common HEPA filter

before being split, with some atmosphere going through
the heat exchanger being dried and the rest going through

the active CHX. The atmosphere streams recombine at the
temperature control valve. The CHX inlet coolant tem-

perature is 4 to 6 °C (39 to 43 °F) and the coolant flowrate

is 250 to 600 kg/hr (I 13 to 272 lb/hr).

Active avionics air cooling is provided to payload

and experiment racks that require cooling. The AAA is

identical with the USOS AAA, described in chapter II,
section 3.2.1.3.

3.2.1.2 Control Atmosphere Moisture

The RH is maintained from 25 to 70 percent RH.

Humidity in the APM is actively controlled by the CHX

unit. Each CHX has its own water separator and water

condensed from the atmosphere is delivered to the USOS
via a dedicated line in accordance with SSP 41150. The

return air line from the condensate water separator is

connected to the main loop downstream of the CHX.

3.2.1.3 Circulate Atmosphere Intramodule

Eight supply air diffusers are located in the upper

standoffs of the APM. The diffuser, shown in figure 170,
allows the ventilation flow to be directed where it is

needed. The exact design had not yet been selected as

of this writing, but probably will be similar to the design
shown.

These diffusers ensure that:

The air velocity is between 0.076 and 0.203 m/sec

(15 and 40 fpm) in the cabin, excluding zones

adjacent to cabin walls (within 15.2 cm (6 in)
of the rack fronts).

The average air velocity requirement is achieved
at least within the 67 percent of the habitable area

measurement points.

The air velocity averaged over time is always in

the range of 0.036 to 1.016 m/sec (7 to 200 fpm).

Ventilation is also provided in the standoffs, end-

cones, and deck floor mainly for smoke collection and

transport. There is no flow control during steady-state
operation.

3.2.1.4 Circulate Atmosphere Intermodule

Ventilation of the APM cabin provides revitalized

atmosphere from the USOS. IMV is performed by two

IMV fans in the APM, as shown in figure 167, to ensure
sufficient flow.
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FIGURE164.--THC subsystems.

The IMV supply and return lines are cross coupled to

provide a by-pass of the cabin, if desired. There are four

common fan assemblies (all located in the port endcone)

that provide for IMV, atmosphere circulation, and THC.

There is a single CHX assembly, with two cores in par-

allel to allow for drying out the cores without losing the

function. The Temperature Control Valve (TCV) is con-

trolled by Cabin Temperature Controller Units (CTCU).
The THC control law is embedded in the CTCU,

commanding the TCV on the basis of atmosphere

temperature sensor readings and the relevant set-point.

The cabin atmosphere temperature, RH, and water

carryover are monitored.
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FIGURE166.mTHC subsystems (continued).
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3.2.2 JEM THC

The JEM THC provides control of the atmosphere

temperature and humidity, circulates the atmosphere with-

in the module, and ventilates it to the USOS through

Node 2. The JEM THC subsystem is shown schematically

in figure 171, and the CHX and water separator are shown

in figure 172.

The THC subsystem performs the following func-

tions:

• Control temperature and humidity in PM

and ELM

• Support crew-selectable cabin temperature

under nominal conditions

• Maintain air circulation within the PM

• Support airflow adjustment

• Remove airborne particulates and microbes.
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The THC subsystem in the PM consists of the

following components:

• Cabin Atmosphere Conditioning and Circulation

- Cabin Atmosphere Units (CCAA's) (two)

- Inlet (two) and Outlet (two) Temperature
Sensors

- Supply/Return Ducting and Diffusers

• IMV

- Motor/Manual IMV Valves (four)

- Manual Damper Valves to provide

conditioned air to the ELM (two)

- IMV Ducting and Diffusers

• Avionics Air Cooling and Fire Detection Support

- AAA (two) for the subsystem racks.

The THC subsystem in the ELM-PS consists of the

following components:

Cabin Air and IMV Circulation

- Cabin/IMV Circulation Fan

- Inlet (two) Temperature Sensors
- Motor/Manual IMV Valves (two)

- Cabin Air and IMV Supply/Return Ducting

and Diffusers.
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FIGURE169.--APM THC CHX Schematic (from ECLSS TIM, APM ECLSS presentation, Houston, TX,

24 to 28 July 1995).
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The THC subsystem consists of the following
components:

Bacteria/Particulate (HEPA) Filter
- Maintains 100k clean room environment

(per requirements)

- Removes airborne microbes and particulates
- Housing allows easy filter removal/

replacement

- Two AP sensors monitor filter usage
- Located at cabin air unit inlet.

Temperature Control Valve

- Provides cabin air temperature control

by regulating airflow distribution through
the CHX andbypass

- Motor-driven drum type three-way valve

with position indicator

• Actuator drive torque is 30 kg-cm

(26.4 in-lb) (minimum)

- Valve position is set according to commands
received from the controller

• Bypass setting range: 0.1 to 0.8.

The entire subsystem is controlled by an 8-bit com-

puter processing unit (CPU), cooled by a coldplate on the

MTL coolant loop, that provides the following functions:

• Communications

• Equipment control

• Status monitor

• BIT

3.2.2.1

Power supply (except fan)

Driver for H20 separator.

Control Atmosphere Temperature

The atmosphere temperature in the cabin aisleway
(in the ELM) is maintained within the range of 18.3 to

29.4 °C (65 to 85 °F) and 18.3 to 26.7 °C (65 to 80 °F)

in the laboratory aisleway (in the PM). The atmosphere

temperature setpoint is selectable by the flight or ground
crew and the setpoint can be controlled within +1 °C

(±2 °F) during normal operation at 18.3 to 26.7 °C (65

to 80 °F) for nominal loads or 21.1 to 26.7 °C (70 to

80 °F) for high heat loads. Temperature selectability is

not required during peak heat load conditions.

3.2.2.1.1 Monitor Atmosphere Temperature

The JEM atmosphere temperature is monitored by
sensors that are similar to those used in the USOS

(platinum resistance), but are specially made for the JEM.
The sensor characteristics are listed in table 43.

To provide closed-loop control and support for the
CCAA's there are:

• Six temperature sensors located in cabin ducts
- Two sensors located in PM cabin air return

ducts (closed-loop control)

- Two sensors located in PM cabin air supply
ducts (FDIR)

- Two sensors located in ELM cabin air return

ducts (FDIR)

• Six temperature sensors located in each CCAA

- Two inlet sensors (FDIR)

- Two outlet sensors (FDIR)

- LTL inlet and outlet sensors (FDIR).
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TABLE43.--JEM temperature sensor characteristics.

SensorCharacteristics Metric Units U.S. Units

Range

Accuracy

OperatingEnvironment

Temperature

Pressure

Power

Data

0 to 50°C

± 0.5°C

0 to 50°C

1.9xl0-Tto 14.9psia

28Vdc

0 to 5 Vdc(Analog)

0 to 122°F

±1 °F

0 to 122°F

1.3x10-6to 102.7kPa

28Vdc

0 to 5 Vdc(Analog)

L__.J
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Return Grille

I
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;-- ..... 1

I TCV I [7

....
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FZCURE171.--JEM THC subsystem.
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3.2.2.1.2 Remove Excess Heat

Excess atmospheric heat is removed by a CHX unit,

shown in figure 172, that uses a fan and liquid sensors
that are identical with the CCAA in the USOS, described

in chapter II, section 3.2.1.2.

Excess equipment heat is removed by the AAA,
identical with the USOS AAA, described in chapter II,
section 3.2.1.3. The CCAA can remove 2.2 kW of

sensible heat and 0.1 kW of latent heat.

The MTL interfaces with two Cabin Air Unit

Controller Coldplates, the AAA for RMS console,

and a Vacuum Pump.

Avionics air cooling provides the following functions

for the two subsystem racks:

• Heat removal from powered equipment.

• Ventilation in support of smoke detection

and atmosphere monitoring.

3.2.2.2 Control Atmosphere Moisture

The atmospheric RH in the cabin aisleway is main-

tained within the range of 25 to 70 percent, and the

dewpoint within the range of 4.4 to 15.6 °C (40 to 60 °F).

The LTL interfaces with two Cabin Air Unit Condensing

Heat Exchangers, as shown in figure 172, to provide

humidity control in the JEM. Water condensed from the
atmosphere in the CHX is collected by a water separator

and delivered, via a wastewater line, to the USOS in

accordance with SSP 41151, paragraph 3.2.4.2.4.

A CHX and "slurper" provide cabin air cooling,

humidity condensation, and condensate collection. The

CHX is a plate fin HX with a hydrophilic film to aid

condensation. There are redundant liquid sensors down-
stream for FDIR.

The water separator is a centrifugal type separator
with a brushless dc motor and a speed sensor. It separates
condensate and air and delivers condensate to the conden-

sate bus at 0 to 55 kPa (0 to 8 psig) gauge pressure (101 to

156 kPa, I4.7 to 22.7 psia absolute pressure). One liquid

sensor is located in the air return line to detect any water

carryover. The condensate return line consists of a sol-

enoid valve, pressure sensor, and check valve (similar to

USOS cabin air unit). A filter is located at the separator

inlet. The condensate processing capacity is 0.2 kg/hr

(0.44 lb/hr) (minimum).

3.2.2.3 Circulate Atmosphere Intramodule

The effective atmosphere velocities in the cabin

aisleway are maintained within the range of 0.08 to

0.2 m/sec (15 to 40 fpm), as shown in figure 173. The

Cabin Air Recirculation Fan provides air circulation

through the CHX and the cabin. The fan has a brushless

dc motor and speed sensor and two ALPsensors. The

conditions at three operating points are listed in table 44.

3.2.2.4 Circulate Atmosphere lntermodule

Atmosphere is exchanged with the USOS as specified

in SSP 41151, paragraph 3.2.4.1. (at a rate of 63.7 to
68.4 L/sec (135 to 145 ft3/min).) The conditions of the

atmosphere supplied to the JEM are listed in table 45.

IMV performs the following functions:

Provides air exchange between the PM,

ELM-PS, and USOS.

Supports CO2 and trace gas removal from PM
and ELM-PS.

Supports ppO 2 control throughout the ISS.

Supports cabin air circulation.

TABLE44.--JEM intramodule circulation conditions.

Fan Performance

AirflowRate

PressureRise

Operating PointA

800m3/hr(471cfm)

164mmH20 (6.45in H20)

Operating Point6

600m3/hr(353cfm)

108mmH20(4.25in H20)

Operating PointC

400rn3/hr(235cfm)

65mrn H20(2.56in H20)
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FIGURE 173.--JEM intramodule circulation.

TABLE 45.--IMV supply to the JEM interface conditions.

Parameter Units Range

Dewpoint(1)

TotalPressure(1) (3)

ppO2(1)

ppCO2 (1) (nominal)

ppCO2 (1) (crewexchange)
RH

TraceContaminants(2)

Particulates(DailyAverage)(0.5to 100pro)

°C (°F)

hPa(psia)

hPa(psia)

mmHg

mmHg
Percent

ppm

PC/m3 (PC/ft3)

4.3to 15.6(40 to 60)

978to 1,027(14.2 to 14.9)

195to 231(2.83to 3.35)

<5.3dailyaverage,<7.6peak

<7.6dailyaverage,<10.0peak
25 to 70

CabinAtmosphere

<3.53xl0s (<1xl 05)

Notes:

(1) AtmospherecompositionintheJEMis controlledbytheUSOSaccordingto SSP41000,section3.
(2) Tracecontaminantsarecontrolledin theJEMbytheUSOSaccordingto NHB8060.1B.
(3) Thetransientpressurerangeis 95.8to 104.7kPa(13.9to 15.2psia).

The IMV system consists of valves, fans, and other
components listed below:

IMV valves (four)

- Supports remote IMV activation/isolation

for JEM ingress/egress and ELM-PS
ingress/egress

- Identical to USOS IMV valves

- Motor-driven valves with manual override

(O/R), on/off position indicators, and

position switch

Two located on PM starboard (stbd) endcone

and two located on ELM-PS zenith (zen)
endcone

IMV fans (two)

- Provide supply and return IMV flow
between JEM and USOS

• One fan is used during open hatch opera-

tions (preferably the return fan to support

atmosphere sampling)
- Identical to USOS IMV fans

- Both located on PM stbd endcone

- Provide 63.7 to 68.4 L/see (135 to 145 cfm)
flowrate during operations with or without
a crew
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ManualIMVvalves(four)
- Manualvalveswithon/offposition(two)

• ControlELM-PSIMVsupplyairfromPM
cabinairductorcabinarea

- Manualvalvewithon/offpositionand
positionswitch(two)

- ValveslocatedonPM-sideofhatch

ELM-PScirculationfan
- Providescabinaircirculationwithin

ELM-PS
- MixesPMIMVairwithELM-PScabinair
- SamedesignastheNode1fan.

3.2.3 MPLM THC

The THC functions in the MPLM are performed

mostly in the USOS. Circulation of the atmosphere is

performed in the MPLM, as described below.

3.2.3.1 Control Atmospheric Temperature

This capability is provided by the USOS.

3.2.3.2 Control Atmospheric Moisture

This capability is provided by the USOS.

3.2.3.3 Circulate Atmosphere Intramodule

The effective atmosphere velocities in the cabin

aisleway are maintained within the range of 0.08 to

0.2 m/sec (15 to 40 fpm) by the MPLM cabin fan located
on the forward end cone. The circulation pattern is shown

in figure 174. When the MPLM is in the space shuttle

cargo bay internal atmosphere circulation is maintained to

provide fire detection capabilty.

The major components of the intramodule atmos-

phere circulation system are:

• The IMV supply duct from the USOS (124 mm

(4.9 in) external diameter)

• The IMV return duct to the USOS (124 mm

(4.9 in) external diameter)

• IMV shutoff valves

• 8 Cabin air diffusers (identical with the APM
diffusers described in section 3.2.1.3.)
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• Acoustic noise attenuators (flow straightener,

etc.)

• Fan assembly (same as USOS Node 1 ventilation

fan)

• Atmosphere temperature sensor.

3.2.3.4 Circulate Atmosphere Intermodule

Atmosphere is exchanged with the USOS, as speci-
fied in SSP 42007, at a rate of 63.7 to 68.4 L/sec (135 to

145 ft3/min).

MPLM cabin ventilation provides revitalized

atmosphere from the USOS. IMV is performed by the
CCAA in Node 2 when the MPLM is attached to Node 2

and by the U.S. Lab CCAA when the MPLM is attached

to Node 1. The MPLM depends on the IMV fan in the

node to provide the pressure needed, since there is no
additional fan in the MPLM.

3.3 Atmosphere Revitalization (AR)

The AR subsystems in the APM, JEM, and MPLM

are shown schematically in figures 175-177, and are

described in the following sections for each segment.

These AR subsystems rely on the USOS or RS to perform
most of the AR functions. One AR function that is com-

mon to the APM, JEM, and MPLM is the SDS for

collecting atmosphere samples and delivering them to the

USOS for analysis for atmosphere constituents. This is

described further in chapter II, section 3.3.2.1.4. The

ability to respond to hazardous atmosphere conditions is

also present in each module. For emergency situations,

PBA's (described in chapter II, section 3.3.3) ate available

that provide 15 min of oxygen from bottled gas (there ate

no 02 ports in the APM, JEM, or MPLM).

3.3.1 APM AR

The APM AR subsystem provides atmosphere

samples to the USOS for analysis and removes airborne

particulates and microorganisms by HEPA filters (that are

part of the THC subsystem) as described in the following
sections.

3.3.1.1 Control CO 2

This capability is provided by the USOS or RS via

IMV. The ppCO2 is, however, monitored in the APM

using an electrochemical sensor.
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FIcta_ 174.--Atmosphere circulation in the MPLM.

3.3.1.2 Control Gaseous Contaminants

Primary control is provided by the USOS or RS via

IMV. The capability to initiate depressurization of the

APM to remove a hazardous atmosphere is provided, via
the DA described in section 3.1.1.6.1.

3.3.1.2.1 Monitor Gaseous Contaminants

Trace contaminant monitoring is performed by the

CHeCS, which is part of the USOS "crew systems" rather
than ECLS.

3.3.1.3 Control Airborne Particulate

Contaminants

Particulates and microorganisms are removed from

the atmosphere by HEPA filters in the ventilation supply

and return ducts. While the revitalized atmosphere pro-
vided to the APM from the USOS meets the contamina-

tion requirements, HEPA filters are provided in the supply

ducts for additional assurance. HEPA filters are provided

in the return ducts to ensure that any contamination gen-
erated in the APM does not contaminate the USOS. These

HEPA filters are similar to those in the USOS, described

in chapter II, section 3.2.3, but are a different size.

Atmosphere filtration is centralized by locating a single

HEPA filter upstream of the CHX.

The average atmosphere particulate level complies

with class 100,000 clean room requirements.

3.3.1.4 Control Airborne Microbial Growth

Airborne microorganisms are also controlled by

the HEPA filters that control airborne particulate contami-

nants. The daily average concentration of airborne micro-
organisms is limited to <1,000 CFU/m 3 (28 CFU/fl3).

3.3.2 JEM AR

The JEM AR subsystem provides atmosphere

samples to the USOS for analysis and removes airborne
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F[CVnE 175.--AR subsystem schematic.

particulates and microorganisms by HEPA filters (that are

part of the THC subsystem) as described in the following

sections. The AR components are distributed in the PM
and ELM-PS as follows:

• PM AR components:

- Solenoid/manual valve (two)

- Manual valve (one)

- Sample lines

- Sample probe/filter.

• ELM-PS AR components:
- Solenoid/manual valve

- Sample lines

- Sample probe/filter.

3.3.2.1 Control CO 2

This capability is provided by the USOS or RS
via IMV.

3.3.2.2 Control Gaseous Contaminants

Primary control is provided by the USOS or RS
via IMV.
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FIGURE176.--AR subsystem schematic (continued).
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3.3.2.2.1 Monitor Gaseous Contaminants 3.3.3.2.1 Monitor Gaseous Contaminants

Trace contaminant monitoring is performed by the

CHeCS, which is part of the USOS "crew systems" rather
than ECLS.

3.3.2.3 Control Airborne Particulate
Contaminants

Particulate contamination control in the cabin

atmosphere is performed by a two HEPA filters in the

cabin circulation loop, upstream of each CHX. These

HEPA filters maintain the particulate level at class

100,000 level. Airborne particulates are removed to
have no more than 0.05 mg/m 3 (100,000 particles per ft 3)

with peak concentrations less than 1.0 mg/m 3 (2 million

particles/ft 3) for particles from 0.5 to 100 _m in diameter.

These HEPA filters are similar to those in the USOS,

described in chapter II, section 3.2.3.

3.3.2.4 Control Airborne Microbial Growth

Airborne microorganisms are also controlled by the

HEPA filters that control airborne particulate contami-

nants. The daily average concentration of airborne micro-
organisms is limited to <1,000 CFU/m 3 (28 CFU/ft3).

3.3.3 MPLM AR

The MPLM AR subsystem provides atmosphere

samples to the USOS for analysis and provides for

depressurization of the MPLM as described in the

following sections.

3.3.3.1 Control CO 2

This capability is provided by the USOS or RS
via IMV.

3.3.3.2 Control Gaseous Contaminants

Primary trace contaminant control is provided by the

USOS or RS via IMV. The capability to initiate depressur-
ization of the MPLM to remove a hazardous atmosphere

is provided, via the DA described in section 3.1. !.6.1.

Trace contaminant monitoring is performed by the

CHeCS, which is part of the USOS "crew systems" rather

than ECLS. Atmosphere samples can be collected via the
SDS (see 3.1.3.3.1).

3.3.3.3 Control Airborne Particulate

Contaminants

This capability is provided by the USOS via IMV.

3.3.3.4 Control Airborne Microbial Growth

This capability is provided by the USOS via 1MV.

3.4 Fire Detection and Suppression

(FDS)

The FDS subsystem in the APM, JEM, and MPLM is

shown schematically in figures 178-180, and is described

in the following sections for each segment. The FDS

equipment (smoke detectors, PFE's, and PBA's) is located

in each module containing powered racks. To minimize
the occurrence or spread of a fire, materials are used that

are self-extinguishing or nonflammable. Also, methods of

containing a fire at its source are used to limit its spread.

3.4.1 APM FDS

The APM FDS subsystem is self-contained within
the APM, but communicates with the USOS C&DH sub-

system, as described in the following sections.

3.4.1.1 Respond to Fire

Detection of a fire will initiate a Class I alarm and a

visual indication of the fire event. The visual indication

consists of activation of the fire alarm light on the C&W
panel and, for ISPR's, activation of a red LED indicator

on the power-kill switch of the rack panel. Fires will be

suppressed by PFE's, described in chapter II, section

3.4.1.3. The PFE's will suppress a fire within 1 min of

suppressant discharge by reducing the O2 concentration

to less than 10.5 percent. As a last resort, the module can

be depressurized to suppress a fire.
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FIGURE 178._FDS subsystem schematic.

When initiated by the crew or ground control, the

APM will vent the atmosphere to space through the DA

to achieve an O 2 concentration less than 6.9 kPa (1.0 psia)

within 10 min. The APM can be repressurized from the

USOS through the MPEV.

3.4.1.1.2 Isolate Fire

To isolate a fire, power is switched off to the affected

location and atmospheric circulation and IMV are

stopped.

3.4.1.1.1 Detect a Fire Event

The APM smoke detectors are identical to the USOS

smoke detectors, described in chapter II, section 3.4.1.1.
Smoke detectors are iocated in the ventilation ducting

downstream of the cabin fan and downstream of the IMV

return air fan. Two detectors are at each location.

3.4.1.1.3 Extinguish Fire

PFE's (described in chapter II, section 3.4.1.3) can

be used to discharge CO 2 into the fire location or, if
necessary, the affected module can be depressurized by

the DA's. When using a PFE, it is attached to a fitting in

a rack as shown in chapter II, figure 116, and the CO 2 is

discharged into the rack.
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3.4.1.1.4 Recover From a Fire 3.4.2.1.1 Detect a Fire Event

Recovering from a fire is similar to recovering from

a hazardous atmospheric event, described in section
3.1.1.6.

3.4.2 JEM FDS

The JEM FDS subsystem is self-contained within the

JEM, but communicates with the USOS FDS subsystem.

The FDS subsystem is shown schematically in figure 181.

The FDS subsystem in the PM consists of the following

components:

Fire detection

- Smoke detectors (four)

Fire suppression
- PFE's (two)

- PBA's (two)

- Fire panels (two)
- Fire ports (TBD).

The FDS subsystem in the ELM-PS consists of the

following components:

Fire detection

- Smoke detectors (two)

Fire suppression

- PFE's (one)

- PBA's (two)

- Fire ports (TBD).

3.4.2.1 Respond to Fire

Detection of a fire will initiate a Class I alarm and a

visual indication of the fire event. The visual indication

consists of activation of the fire alarm light on the C&W

panel and, for ISPR's and the workstation racks, activa-

tion of a red LED indicator on the power kill switch of the

rack panel. Fires will be suppressed by PFE's, described

in chapter II, section 3.4.1.3. The PFE's will suppress a

fire within one min of suppressant discharge by reducing

the 02 concentration to less than 10.5 percent. As a last
resort, the module can be depressurized to suppress a fire.

When initiated by the crew or ground control, the

JEM will vent the atmosphere to space through the DA

to achieve an 02 concentration less than 6.9 kPa (1.0 psia)

within 10 min. The JEM can be repressurized from the

USOS through the MPEV.

Fires are detected by smoke detectors that are

essentially identical to USOS optical smoke detectors,

described in chapter II, section 3.4.1.1. Detectors are
distributed as follows:

• Two are located in PM System Racks (including

the Remote Manipulator System (RMS) Control

Workstation)

• One is located in each THC rack (for cabin air

sampling)

• Two are located in ELM-PS standoffs.

3.4.2.1.2 Isolate Fire

Isolation of the fire (by removal of power and forced

ventilation in the affected location) will occur within
30 sec of detection. Forced ventilation between modules

will stop within 30 sec of annunciation of a Class I fire
alarm and a visual indication of the fire event will be

activated.

3.4.2.1.3 Extinguish a Fire

Fires will be suppressed by PFE's, described in

chapter II, section 3.4.1.3. The PFE's will suppress a fire

within 1 min of suppressant discharge by reducing the

oxygen concentration to <10.5 percent. When initiated by

the crew or ground control, the JEM will vent the atmos-

phere to space to achieve an oxygen concentration less

than 6.9 kPa (1.0 psia) within 10 min.

3.4.3 MPLM FDS

The MPLM FDS subsystem is self-contained within
the MPLM, but communicates with the USOS FDS

subsystem. Preventative measures are used to minimize
the effects of a fire. The time for detection and location of

an anomaly, such as a fire, is instantaneous since it is

based on monitoring the characteristics (current, voltage,

speed, etc.) of the electrical equipment. Switching off

power to the affected equipment removes the only energy
source that can cause ignition. Material selection, equip-

ment housing in metallic boxes, and the absence of forced

airflow preclude the fire hazard. PBA's and PFE's are

provided. Locations containing a credible fire risk have

been partitioned into non-hermetically sealed compart-

ments for FDS purposes.
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3.4.3.1 Respond to Fire

Detection of a fire will initiate a Class I alarm and a

visual indication of the fire event will be activated. Fires

will be suppressed by PFE's, described in chapter II,

section 3.4.1.3. The capability to restore the habitable

environment after a fire event is present, by repress-
urization from the USOS via the MPEV.

3.4.3.1.1 Detect a Fire

The smoke detector in the MPLM is identical to those

used in the USOS, described in chapter II, section 3.4.1.1.
A smoke detector is located downstream of the cabin fan

assembly (CFA), to provide the smoke detection for the
cabin. In the worst case, the time needed to detect cabin

smoke is about 7 min. The signal from the smoke detector

will detect only smoke in the MPLM cabin. When smoke

is detected, an emergency signal is sent to the USOS

alerting the crew of a possible fire.

3.4.3.L2 Isolate a Fire Event

Isolation of the fire (by removal of power and forced

ventilation in the affected location) will occur within
30 sec of detection. Forced ventilation between modules

will automatically stop within 30 sec of annunciation of a
Class I fire alarm and a visual indication of the fire event
will be activated.

3.4.3'1.3 Extinguish a Fire

Fires will be suppressed by PFE's, described in

chapter II, section 3.4.1.3. The PFE's will suppress a fire

within 1 min of suppressant discharge by reducing the
oxygen concentration to <10.5 percent. Three fire

suppression ports (FSP) (shown in fig. 182) allow access

for a PFE to extinguish a fire. When initiated by the crew

or ground control, the MPLM will vent the atmosphere to

space to achieve an 02 concentration <6.9 kPa (<1.0 psia)
within 10 min.

3.5 Waste Management (WM)

There is no WM subsystem in the APM, JEM, and

MPLM because this function is provided by the USOS
and RS.
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3.5.1 APM WM

The APM is not required to provide WM.

3.5.1.1 Accommodate Crew Hygiene and

Wastes

This capability is provided by the USOS and RS.

3.5.2 JEM WM

The JEM is not required to provide WM.

3.5.2.1 Accommodate Crew Hygiene and

Wastes

This capability is provided by the USOS and RS.

3.5.3 MPLM WM

The MPLM is not required to provide WM.

3.5.3.1 Accommodate Crew Hygiene and

Wastes

This capability is provided by the USOS and RS.

3.6 Water Recovery and Management

(WRM)

The WRM subsystem in the APM and JEM is shown

schematically in figures 183-185, and is described in the
following sections for each segment. There is no WRM

subsystem in the MPLM.

3.6.1 APM WRM

The APM WRM function consists only of delivering
condensate water, collected in the CHX of the THC sub-

system, to the USOS water processor, in accordance with
SSP 41151, with the conditions at the interface with the

USOS as listed in table 36. All processing of wastewater

is performed in the USOS.
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3.6.1.1 Provide Water for Crew Use

This capability is provided by the USOS and RS.

3.6.1.2 Supply Water for Payloads

This capability is not required in the APM.

3.6.2 JEM WRM

The JEM WRM function consists of delivering

condensate water, collected in the CHX of the THC

subsystem, to the USOS water processor, in accordance

with SSP 41150. All wastewater processing is performed
in the USOS.

The WRM condensate delivery subsystem performs

the following functions:

• Removes condensate from the PM THC units

and delivers it to the USOS wastewater bus.
:

• Supports humidity control within the PM
and ELM-PS.

The characteristics of the condensate water are listed

in table 39. The WRM condensate delivery subsystem

consists of the following Components:

° Manual isolation valve:

- Provides supply/isolation of condensate

delivery between JEM and USOS

- Manual valve with on/off position

and position switch
- Located in PM stbd endcone.

Condensate lines:

- Deliver condensate from THC units 1 and 2

to USOS wastewater bus

- 1.27 cm (0.5 in) ID lines.
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FIGURE 183.--WRM subsystem schematic.

3.6.2.1 Provide Water for Crew Use

This capability is provided by the USOS and RS.

3.6.2.2 Supply Water for Payloads

This capability is provided by the USOS.

3.6.3 MPLM WRM

There is no WRM subsystem or equipment in the
MPLM.

3.6.3.1 Provide Water For Crew Use

This capability is provided by the USOS and RS.
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3.6.3.2 Supply Water for Payloads

This capability is not required because there are no

active payloads in the MPLM.

3.7 Vacuum Services (VS)

The VS subsystems in the APM and JEM provide

vacuum resource and waste gas exhaust services for use

by payloads. No VS subsystem is required in the MPLM.

3.7.1 APM VS

The APM VS subsystem has separate vacuum re-

source and waste gas exhaust lines for each port and star-

board payload rack, as shown in figure 186. Pressure in

the vacuum lines is monitored by two types of sensors:

Low-range pressure sensor (Pirani type) in the range
0.1 to 100 Pa (1.45 x 10 -5 to 1.45 x 10 -2 psia)

High-range pressure sensor (common to Ptot
sensor) in the range from 1 to 1200 hPa

(1.45 x 10-2 to 17.42 psia).

Line repressurization is via dedicated manual valves (one

per line).

3.7.1.1 Supply Vacuum Services

to User Payloads

Waste gas exhaust capability is provided to all 10
active ISPR's (including the ones in the ceiling) and

vacuum resource is provided to the 8 lateral ISPR's. The
vacuum lines are made of stainless steel. Heaters on the

VS venting devices are controlled via a dedicated redun-
dant electronic unit (HCU) mounted external to the APM.

The HCU monitors relevant temperature sensors and
commands the heaters.

The VS subsystem is compatible with gases released

by ISPR experiments and their relevant pressures (up to

276 kPa (40 psia)). The self-sealing QD's at the interface
with the ISPR are identical to those used on the USOS.

The design is zero-failure tolerant.

3.7.1.1.1 Vacuum Resource

The vacuum resource line provides a vacuum of

0.16 Pa (2.3x10 -5 psia) to the payload rack interface.

Gases are evacuated to space via a device located on the
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aft endcone. The vacuum function can only be used after

the payload chamber has been vented.

3.7.1.1.2 Waste Gas Exhaust

The waste gas exhaust line is sized to evacuate
an experiment chamber volume of 100 L (3.53 ft 3)

at 21 °C (70 °F) and lxl05 Pa (14.5 psia) to 0.13 Pa

(1.9x 10 -5 psia, lxl0 -3 torr) in less than 2 hr. The vacuum
level in the chambers can be maintained at 0.13 Pa

(l.9x10 -5 psia, lxl0 -3 torr) with a total gas load of

0.10 Pa/sec (0.77xl 0 -3 torr/sec). The VS venting device

is the same as the depressurization assembly (see section
3.1.1.6.1).

The waste gas exhaust lines include normally-closed

solenoid valves to provide waste gas exhaust access at
ISPR locations. These valves are spring-loaded closed

solenoid valves with manual override, on/off position
indicators, and a position switch. Gases are vented to

space via a device located at the forward endcone.

3.7.2 JEM VS

The JEM VS subsystem has separate vacuum

resource and waste gas exhaust lines for each port and
starboard payload rack.

3.7.2.1 Supply Vacuum Services

to User Payloads

Waste gas exhaust and vacuum resource capability

is provided to active ISPR's.

3.7.2.1.1 Vacuum Resource

No information is presently available.

3.7.2.1.2 Waste Gas Exhaust

The waste gas exhaust subsystem removes waste
gases from payloads. Materials in the wetted surfaces

of the waste gas subsystem that are in contact with user

payload waste gases are limited to: stainless steel (321

and 440), titanium 6 AL-4V, fluorocarbon rubber (Viton,

in the Pirani gauge transducer), glass, platinum iridium

alloy, gold-plated brass (in the cold cathode transducer),

ceramic, aluminum (in the cold cathode transducer),

and tetrafluoroethylene (TeflonTM). The waste gas

subsystem is compatible with acceptable gases as listed
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FIGURE 186.mAPM vacuum services subsystem functional schematic (from ECLSS TIM, APM ECLSS presentation,

Houston, TX, 24 to 28 July 1995).

in table 46. Payload gas contaminants compatible with

the wetted materials of the waste gas subsystem and in

concentrations compliant with the ISS external contamina-

tion control requirements (SSP 30426) are also acceptable

for waste gas subsystem use.

3.7.3 MPLM VS

This capability is not required in the MPLM.

3.7.3.1 Supply Vacuum Services

to User Payloads

This capability is not required in the MPLM.

TABLE 46.mJEM VS subsystem acceptable gases

(ESA/ASI/NASA ECLS TIM, 24 to

28 July 1995, JSC).

CO(pp< 5Pa).
Nontoxicwastegasor nontoxicandnonreactivemixturesof these

gases:
• Nitrogen

• Cabinatmosphere

• Argon(Ar)

• Krypton
• Xenon

• Helium

• CO2(pp<7.6torr (1.01kPa))

• 02 (pp<23.3kPa)

• H2(pp<3.3 kPa)
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3.8 EVA Support

EVA support is not required of the APM, JEM,
or MPLM.

3.8.1 APM EVA Support

This capability is not required in the APM.

3.8.1.1 Support Denitrogenation

This capability is not required in the APM.

3.8.1.2 Support Service and Checkout

This capability is not required in the APM.

3.8.1.3 Support Station Egress

This capability is not required in the APM.

3.8.1.4 Support Station Ingress

This capability is not required in the APM.

3.8.2 JEM EVA Support

This capability is not required in the JEM.

3.8.2.1 Support Denitrogenation

This capability is not required in the JEM.

3.8.2.2 Support Service and Checkout

This capability is not required in the JEM.

3.8.2.3 Support Station Egress

This capability is not required in the JEM.

3.8.2.4 Support Station Ingress

This capability is not required in the JEM.

3.8.3 MPLM EVA Support

This capability is not required in the MPLM.

3.8.3.1 Support Denitrogenation

This capability is not required in the MPLM.

3.8.3.2 Support Service and Checkout

This capability is not required in the MPLM.

3.8.3.3 Support Station Egress

This capability is not required in the MPLM.

3.8.3.4 Support Station Ingress

This capability is not required in the MPLM.

3.9 Other ECLS Functions

Additional ECLS functions are provided in the APM

and JEM, as described in the following sections.

3.9'1 APM Other ECLS Functions

Other ECLS functions include providing nitrogen gas

to user payloads.

3.9.1.1 Gases to User Payloads

The N 2 supply subsystem in the APM is shown sche-

matically in figure 187. N 2 is supplied to all 10 active
ISPR's and to 2 TCS accumulators for their active control.
The interface conditions are:

• Operating Pressure

- 620 to 827 kPa (90 to 120 psia) with the USOS

- 517 to 827 kPa (75 to 120 psia) at the ISPR

• Maximum Design Pressure

- 1378 kPa (200 psia)

• Temperature

- 17.2to45 °C (63 to 113 °F)
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• Flowrate
- 0to16.3kg/hr(0to36lb/hr)

• Purity
- 95percentbyvolume.

3.9.2 JEM Other ECLS Functions

Other ECLS functions include providing N 2, CO 2,

He, and Ar gases to user payloads.

3.9.2.1 Gases to User Payloads

The JEM provides several gases to user payloads

including: N 2, CO2, He, and Ar.

Equipment to support supplying these gases consists

of valves, sensors, tanks, and other components, listed
below:

• Latching solenoid valves

- Provide N 2 isolation/supply to ISPR, freezer,
and ITCS locations

- Valves have manual override with on/off

position indication and a position switch

• Manual valves

- Provide isolation of N 2, waste gas,
and vacuum lines

- Valves have on/off position indicators

Pressure and temperature sensors

- Analog vacuum sensors located on waste

gas vent line and on vacuum vent line

(two sensors)

- Analog pressure sensors located on N 2, waste

gas vent, and vacuum vent lines

- Temperature sensor located on waste gas vent
line

Common gas supply equipment
- Tanks and valves to store and distribute CO2,

At, and He to PM racks

- Two CO2 tanks, two He to tanks, and two Ar
tanks

- CO2 provided to ISPR (life science

experiments) and freezer locations

- He and Ar provided to ISPR (materials science

experiments) locations.

3.9.2.2 Experiment Airlock (EAL)

Pressurize/Depressurize Equipment

The EAL equipment performs the following func-
tions:

• Controls depressurization and repressurization
of the JEM EAL.

• Obtains pressurization gases from the cabin air
return duct.

• Pumps EAL atmosphere into the cabin air return
duct.

N2

Foreward Endcone
D/B-QD Male Part

Rack I/F Male QD

Ceiling P/L Rack

fl
N2Supply Line

....
N2 I/Fto TCS with Rack Internal Line
in Subfloor Racks

Male QD

FIGURE187.--APM nitrogen supply subsystem functional schematic (from ECLSS TIM, APM ECLSS presentation,

Houston, TX, 24 to 28 July 1995).
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FIGURE188.---EAL schematic.

The EAL (shown schematically in fig. 188) consists

of the following components:

• Vacuum pump:

- Supports EAL pump-down

- Receives cooling from MTL

• Fan:

- Propels air through the dehydrator

- May support air circulation within the EAL

• Dehydrator:

- Provides dry pressurization gases to the EAL

• Solenoid and manual valves:

- Control depressurization/repressurization

routing and provide isolation
- Manual valve supports redundant depressur-

ization capability

• Filters and flow restrictors:

- Filter air from cabin air return duct and EAL

interior.

3.9.3 MPLM Other ECLS Functions

This capability is not required in the MPLM.
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4.0 Safety Features

Safety features that are designed into the APM, JEM,

and MPLM include overpressure relief, smoke detection,

and redundancy of critical components, as described in

previous sections of this report. These features are derived

from failure tolerance requirements, fire propagation

requirements, and reliability requirements. Examples of
some of these safety features are described in the follow-

ing sections.

4.1 PPRA

The PPRA includes redundant valves to provide

single failure tolerance for both opening and closing
of the valves. The PPRA is described further in section
3.1.1.3.

4.2 Pressure Shell Penetrations

Penetrations of the pressure shell, such as for the DA,

PPRA, NPRA, and vacuum and venting devices, have two

redundant O-ring seals for sealing against leakage, as

shown in figures 189 and 190.

4.3 Failure Tolerance

The failure tolerance requirement for IMV is one-
failure tolerant for the APM. (NASA has no failure

tolerance requirements specifically for IMV.)

O m
o0o

o

t sH_i_tner

(Removeable) _ _ 5.3 in

F]rctrRE 189.-- APM shell penetration seals (from

ECLSS TIM, APM ECLSS presenta-

tion, Houston, TX, 24 to 28 July 1995).

"_ _ Bulkhead

Jumper _ I_ ,,- Seals

_i_ Valve
_] _ale

.._LCoupling

FIGURE 190.--APM shell penetration seals (continued).
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5.0. Maintenance Procedures

The ECLS equipment is designed to be maintainable

by replacement or repair of components. Equipment is

mounted in racks such that expendable components can

be easily accessed and critical components can be re-

moved, or the entire rack can be replaced. For example,

each ORU of the Condensate Water Separator Assembly

(CWSA) can be replaced without removing the entire

assembly. Fluid connections generally use quick discon-

nectors that preclude leakage. Some maintenance proce-

dures can be performed without removing equipment,

such as the THC CHX dryout procedure described below.

5.1 APM CHX Dryout Procedure

As moisture condenses in the CHX, microorganisms

may grow and contaminate equipment, especially the

CHX, slurper line, and CWSA. To eliminate or reduce

this growth the CHX is periodically dried. The dryout

period lasts at least 8 hr each week, to completely dry the
CHX, slurper line, and CWSA. Dryout involves removing

all humidity from a potential biolayer. The procedure for

drying out the CHX involves the following steps:

CHX core and slurper dryout: requires about 1 hr

of full airflow provided by the cabin fan and the
WS unit, without coolant water flow to avoid

condensation.

WS unit dry-out: requires about 4 hr with

85 m3/hr (50 cfm) airflow provided by the
cabin fan and the WS unit.

Steady state dryout: requires about 2 hr, with
85 m3/hr (50 cfm) airflow provided by the cabin
fan and the WS unit.

The total minimum time required for dryout at the

given flowrates is about 8 hr. There is no need to increase

the air stream temperature with respect to its nominal

value, because of the antimicrobial coating that minimizes

the biological growth in the CHX.

The effect of the dryout period is a reduction in heat

dissipation from the APM to minimum levels during

dryout. This will result in the need to stop or greatly re-

duce the activity of payloads that generate heat during the

8-hr period required for dryout.

5.2 APM CHX Core Replacement
Procedure

At the end of the 5-yr lifetime of the CHX cores,

it will be necessary to replace them with new cores.

The procedure for replacing the CHX core #1 or core #2

involves the following steps:

Place the CHX core to be replaced in the

"dryout" mode, with the other core active. Stop

water flow in the core to be replaced by switch-

ing off the appropriate valves.

Increase the water inlet temperature set point

from 5 to 9 °C (41 to 48 °F).

Stop the airflow through the CHX core to be

replaced via a slide gate upstream of the core and

close the corresponding path of the TCV.

Replace the CHX core with the new CHX core.

Remove the slide gate and restore the nominal
conditions.

Return the old CHX core to Earth.
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6.0 Emergency Procedures

and Failure Responses

Emergency situations require quick, effective re-

sponses to minimize harm to the crew and damage to

equipment. Some of the emergency situations and respon-
ses are summarized below. More extensive information is

provided in other documents.

6.1 Fire in the APM

After detection of smoke and the activation of the fire

alarm, the response will be:

• Removal of power from the affected zone.

• Removal of IMV (switching off fans).

• Possible use of PFE's.

• APM depressurization as a last resort (to reach

a ppO 2 <70 hPa (<1 psia) in <10 min).

6.2 Fire in the JEM

The fire alarm can be activated by the smoke sensors

or by pressing the FIRE button on the C&W panel. A

signal is sent to the USOS identifying the activated sens-

or. The C&W panels in the other modules activate the

FIRE light, an audible alarm is sounded, and a message is

sent to the laptop computers indicating the module and
detector where the fire was detected. Both Node 2 IMV

valves that face the JEM will be closed.

6.3 Fire/Emergency in the MPLM

As a general rule, the malfunction or loss of MPLM

powered equipment is classified as a warning. Upon

detection of the malfunction, a warning signal is sent to

the USOS to alert the crew that a failure of powered

equipment has occurred and further investigation by the

crew is needed for verification. At the same time, power is

automatically removed from the affected equipment. The

removal of power is considered sufficient to ensure fire

suppression, so the response time required is not so

stringent as to require an emergency signal. After notifica-

tion, the crew is in charge to investigate whether the

malfunction was due to equipment failure or fire, and

proceed accordingly.

In the event of malfunction or loss of a PDB or

MDM, an Emergency signal is sent to the USOS to alert

the crew. This situation is considered an emergency

because the PDB and MDM cannot be automatically

deactivated and prompt intervention by the crew is re-

quired to switch off the PDB or MDM. Because failure of
a PDB or MDM can lead to a total loss of communication

between the MPLM and USOS, which would prevent an

alarm signal from being sent to the USOS, the USOS will

signal an alarm in the event of loss of communication

with the MPLM, as detected by the C&DH software. This

is independent from any smoke detector signals.

6.4 PPRA Failure Scenario

Upon detection of undesired opening, or failure

to close, of the pneumatic valve, the USOS signals the

avionics system, which then commands the motorized

valve to close to prevent further depressurization of the

pressurized module. In order to provide single-failure
tolerance for failure to open, a second, redundant assem-

bly is present. The motorized valves are nominally un-

powered, to improve reliability. Manual override of the
motorized valves is implemented to disable or re-enable

the pneumatic valves after loss of the command capability
of the motorized valves. In the event that the PPRA re-

mains open despite attempts to close it, the module would

be evacuated and sealed until repairs are made.

6.5 APM Water Separator Failure

In the event of failure of a water separator in the
APM CCAA, the failed WS could not be replaced until

the next resupply mission (180 days maximum in case a

mission is skipped), since no spares are stored on orbit.
Failure scenarios that have been considered include:

• During CHX core #1 dryout, WS #2 fails.

• During CHX core #1 operation, WS #1 fails.

The consequences include:

• Stopping the THC function for 8 hr every week

to dry out the CHX core #1 and switching off the

heat generating payloads to avoid thermal

control problems.

• CHX core #2 can be activated to recover, but

will then need to be dried out each week.
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6.6 Depressurization of the APM,

JEM, or MPLM

In the event that the APM, JEM, or MPLM lose

pressure (either accidentally or intentionally to remove

contaminated atmosphere or to suppress a fire) the Node 2

hatch to the affected module must be closed to prevent

depressurization of other modules. This also applies to the

Node 1 hatch if the MPLM is depressurized while it is

attached to Node 1. As shown in figure 191, the hatch on

the pressurized side of the vestibule (i.e., Node 1 or 2) is

closed rather than the hatch on the depressurized module.

This ensures that atmospheric pressure is helping to

maintain a tight seal.

HatchClosed "_

MPEV'_"'_b.. [IJ.

(11041.3pksiPaa) 7

Node2(1)
Vestbue.-O

i _:::_pen

i L OkPa(0 psia)

APM,JEM,or MPLM

FIGURE191.--Hatch positions when the APM, JEM, or

MPLM is depressurized.

|
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